;j kl mopqgrstue3eC C "$ N V' 6 T 17 Description CYCLIC OLEFIN POLYMER
CONTAINING LI T WWRESI DUE, APPLI CATI ONS AND PRODUCT HGMPIRAQDBSS
THERECOF 5 The tion relates to a purified cyclic ol efin polyner
and to applicationsiesgd production proces§ thereof. More specifically, it
relates to a cyclicolefin 10 pol yner confaining substantially no catal yst

resi due and t L.cati ons and production process thereof. Background Art
Cyclic ol efi njﬂﬂ@%\@mﬂm’ﬂml ng a bul k§esgriiptionefin as 15 one of
constituent el synthetic resin which is excellent in
transparency, heatt"ezi st ance, chem cal resistance, solvent resistance,

huni dity resggeaRee oL#raiNe PO MER 360G T RENINGC § 1894, BY [aTU 57 JH8 e 1968 |
properties and wi dely used in various fields. 20 These cyclic olefin

pol ymers can be nai APPLJICAISIGNSEANDt PRQOUCTION PROSIBIE ITHEREOR)- opened
polynerssgnd hydr ogenat ed ones thereof according to structure. The addition
copol yners are produced by addition copolynerization of a cyclic olefin and
an a-ol efin pacBp2ealygrieaa bon solvent in the presence of a catalyst
selected froma Ziegler catalyst and a netal |l ocene catal yst. The

ri ng- opened pol yneFBeap&egeddudaventtemgrepakefgteory Purilfdeidoewsilic

cyclic olefipg] 38“3 V. ' r n f net at.hesi s
catal yst. Thglhgaiﬁo éﬁ'&& ceé%r p?é%%l%?%&%rgggu%gg ED;?/: o(r&élac j‘|°r%1g Bt &8
bonds bet weethesebgins Mopeaspedificalladdilit are Xopes Vitera @ydlig-caenes
pol ymer produced from a ciclic ol efin containing two_or nore doubl e bonds

bet ween 1Gr bBRLYRRERCADERLIPLIRT AubPRLaptdeddae nor catedustyEesidreckRd ¥9om a
Zi egl er Cata&ﬁﬁiiéﬁ#ﬁgnﬁ hd\PrdadfPPor PEbebkeCehered@l yst to saturate

t he doubl e bonds . eat resistance, weatherability and |ight resistance
of a cyclic olefin polymer can be further inproved by saturating the double

bonds. 5 In {helgrodugtEOH process of a cyclic olefin polyner, the renoval
of a catalys xtrenely inportant step to maintain such
properties as trangpaigBcylerRAlPEI et tlavingidbull kyeey el 88CE1L & dn haat
resistance of a resin . The follow ng nethods have been proposed heretofore

10 to rédifoveohfeotafangitthendi elemendife aksnst IS athee fafpid oihalt et i ng
Cobol yrer SrLRHLIRRE! ot CAUGRAEY, dhoRcPRQE SRR, Bl ! o
resistance, solvent resistance, humidity resistance,
dielectric characteristics and various mechanical
properties and widely used in various fields.

20 These cyclic olefin polymers can be mainly classified
into addition copolymers, ring-opened polymers and
hydrogenated ones thereof according to structure. The
addition copolymers are produced by addition
copolymerization of a cyclic olefin and an a-oclefin in a

25 hydrocarbon solvent in the presence of a catalyst selected
from a Ziegler catalyst and a metallocene catalyst. The
ring-opened polymers are produced by ring-opening
polymerization of a cyclic olefin in a hydrocarbon solvent
in the presence of a metathesis catalyst. The hydrogenated

30 polymers are produced by reacting double bonds between
carbons contained in an addition copolymer or ring-opened
polymer produced from a cyclic olefin containing two or more

double bonds between carbons with hydrogen in the presence

of a catalyst selected from a Zlegler catalyst and a



15 ( 2 ) one conprising the steps of washing a polyner solution wth water
containing an acid to extract and renove the catal yst resi duc5Aprile20020
JP-A 2-24319 and JP-A 6-100668) ; ( 3 ) one conprising the steps of washing
a polynmer solution with water containing an alcohol or the like to extract
and 20 renove the catal yst residue (refer to JP-A 4-45103 and JP-A
6-228235); ( 4 ) one conprising the steps of addi ng an oxi di zi ng agent or
basi ¢ conpounetablacpnkycatalipbtittosatmmxie ddie dodblenbordshe Thé dlesst
residue with a poor sol vent ﬁref r..t JP—é.ig g—lOQBIO ; and %%% one
conpri si ng tFeSitERRCEr YAALRETEN1dIdohard ndfBLt SRE1ERENCRKRT IR WP S ner
50|Ut'0n1fl%i@finaHQEQQe%nd%#“ﬂé“¥ﬁr€ﬁ€&aiﬁbkb%édab? %Q&H@&%iﬁﬁ“&heo

renoving the catalyst residue by filtration or centrifugation (reter t
JP-A 30 3-66¥@3bleéPbondsl61421 and JP-A 4-363312). As for the nethod (1),

t he poor _sol vent st, ,be use -least several nore .tinmes in quantity than
t he pol yﬁey sol ut %ﬂzt%i%o we i%?(—:%’fofﬁfﬁe% i%h %Y&‘ﬁ‘sc 8136_53151 FWQTYE“%‘?M
cost when itthé fameval o¥t aOkataliytisidtal £6ahR, ekﬂgbméu?g_imp&t%&{ﬂl
2002 3 the recovery of the poor solvent, and purification efficiency is not

so high. As 3t@Pthe mainsadn such properties as4tyanspage®ca .ol ution

gn. . L q
Cher aby pos, PESSRELBLLL ORuATHEY Doed SRR HndHle (B S4e
As for the netleedn(.5) Thal £b6DLOR1AgINGs KIto@shiavie Déefl PYRS S S® herietd ficg10t

produced, the purification efficiency is not so high unless | arge anounts
of the a8sor®Rnremavet kBer cAtSLYSt Metdbsed, snooth filtration is

difficult tO(f)"‘,rryo:?%t?ﬂmﬁg.d;sﬂh@bltﬁ@s‘l‘éﬂg ¥ tinJ8:£ 288" 4 b8 i sposal

of the filter aid an e recovéry of the polynmer. Cenerally speaking,
cat al yst conpoheblenuindot @ pagdiecc@amounyc| ot al péon polyest itocidego st

organi ¢ al uni num ¢ ound._such.as.,an_alkyl al.um num or_ al kyl. _al umnqxane ,
and the anou?\tc?ﬁofﬁgeﬁr%ﬁﬁ?gpél%ﬁﬁlenﬁ%dc%ﬁﬁgﬂﬁg %E‘el ?rlegrié’é‘rt%? fwgrq: ifan
ot her cat al ysdogospoRents . The organi c al um num conpound extrenely readily

reacts with water, alcohol or acid and becones insoluble_in a hydrocarbon
sol vent LBsed(2h t enesiomrrishng dihe s4@PHRE YaFRiRg a Podymes: srdmtdduct

general |y separates, gut c@ﬁt%]iglolnsgcfyl)iga.l%iﬂgt@ b 2E 882 0aRHP ¥-noY

sol vent and, 1n nbst cases, onbgeneous reaction solution with
naked eyes. dakakysteresidtube(refieti vn BOAIZ-BAI L ik dPl-p HFLOO6EM,) ;t he

filter is cl d and thfiltration is al i i.bl e Therefore,
adsor bent artioh. 1 PHe/CGRRE HELHS UG SRPRT e R oDAn I 5O 19ER SOTRTIC

of the presepith W£Hbt Goh PahONylgn da PESKES Sof EhrIAKE ity e tBudt @nd ef i n
pol ynmer having a snmall 30 content of a catalyst residue, which generates

al nost A8 WESBOE®| the HREBRYST iRl aue A FRESRTEMIERA 4 AR1f3 and JBr2

renove the c§¢§5y§55?§sidue efficiently by sinple nmeans. It is another
obj ect of the present invention to provide a process for producing a cyclic
ol efin pol ynet) havomg compeli$ing the steps of adding an oxidizing agent

or baslic compound to a polymer solution to extract and remove
the catalyst residue with a poor solvent (refer to JP-A
25 7-109310); and
(5) one comprising the steps of adding an alcohol, water
and the like to a polymer solution, further adding an
adsorbent and a filter aid thereto, and removing the catalyst
residue by filtration or centrifugation (refer to JP-A
30 3-66725, JP-A 4-161421 and JP-A 4-363312).
As for the method (1), the poor solvent must be used
at least several more times in quantity than the polymer
solution, which 1s a great burden in terms of equipment and

cost when it is carried out on an industrial scale, including



15 April 2002 4 content of a catal yst residue, which can renove catal ysts
used for polynerization and/or hydrogenation reaction for prddukprilgto2e
cyclic olefin polymer by deconposing the catalysts efficiently and
rendering the deconposition 5 products ingoluble in a reaction solvent used
for the polynerization and/ or hydrogenation reaction to precipitate them
efficiently. It is still another object of the present invention to provide
a process fothpmeniavery @fcykeiroar spilivepd] yand i fitcatieon efifiicimndtent

f I | i ch | | I d
decampos | oh® grontdt ngdls cASCERCLES i BIRARE] Y a8 AT aiputmste

catal ysts orséebitiefvyéntatniflgonetellattrplyi Lagfepandut &F adddlive it
to catal yst deconposition products or enbracing it in the catalyst 15

deconposi ti oReprbdlR igengeated. | thesepynepated. algreat prehien Wi} dde of
the Presant &iyeokaan EotﬂreOWacLeﬁ@ @5m€fant°rApr9 “the & ERGl! gsg' efin
avl ng S |P (0] a I due, ICﬁ r

pol ymer i nmal I'"content a catalyst res can duce the
above cat al yaltheaghposidrgs auahictef anwabeef solubionois saxdX) prydwly,
swol l en gel but a solid which can be easilzfiltered. It is a still further

obj ect of thERPrRUELEIrALdAN SERILIRRRY diSanpfogesBiBly YBISRFIYRFLL cyclic
ol efin pol ynghohavinge %rﬁ@dsmrgg}aﬁ t?aecfﬁ.%ltléit ﬁiggé%%sé(&‘i ShdAth

nearly conpletely renove even a st e conmpound suc
tris(acetyl aEtltmnatidalisndddfifiichikth tioscaneyiaubh! ypnidyppobliemedco edwen wdrth

acetyl acetonate c | ex, and .an organi | um co nd .ar sed. It is a
Stil1 1 aPt heredBTachooFhEndisResat 4ie | BRLEBE pPRgi 384 B FRCONETH
pol ymer havigg €né {rﬁbhyﬁem.enceﬁarﬁfnq GPedNEig | eSaEaBystt cbmpanshitls!

further object of e present invention to provide use of the cyclic olefin
pol ymer of thRedreadrodngentdi erickicanlefine Rolymear facludehan osjgastis and

advantages ofy biifn hCSERboLRKC WA as 1n AR kb1 209endnlih! baPGRps appar ent

fromthe follT'owmng description ording to e prese I nventi~on,
firstly, theahimimorbénectandrithadwanirdges the tdigaqnibs eliumimen ciomp oauné

attai neq_by rocess_fo roduci a cyclic olefin polynmer containi a
Sl | adBunc b Raraes by et R pERef FEFa LS bt YE; g praanle
pol yneri zi nga Pukiinh Cc8mPbuihdd ext reit TPt L6a@i1¥Nrbh6tBr fI2AC Yatlerd
transition netal catalyst conponent soluble in an organic solvent and an

organi ¢ al urdteehederoantdanhbgsomesnenehubila in apydregarher soldent: o
Iﬁremf gl %\(,:\,: 'nlgs.?c‘(i) f?fnqj f&g%?b%é%e‘&‘l%&fbé%‘e%&é’f&ﬂ? UoWedvbal S 1GPLEIRRUSH DY
product generally separates out as a gel containing a large
20 amount of the solvent and, in most cases, looks like a
homogeneous reaction solution with naked e"yes. Therefore,
1f the reaction solution is directly filtered, the filter
is clogged and smooth filtration is almost impossible.
Therefore, an adsorbent and a filter aid must be used in most

25 cases.

Disclosure of the Invention
It is an object of the present ilnvention to provide a
process for producing a cyclic olefin polymer having a small
30 content of acatalyst residue, which generates almost no waste
solution contalning a large amount of a metal and can remove
the catalyst residue efficiently by simple means.
It is another object of the present invention to provide

a process for producing a cyclic olefin polymer having a small



(I') wherein nis Oor 1, mis O or a positive integer, pis Oor 1, RL to
RZ are the sane or different and are each a hydrogen atom hdbdApril 2008 m
aromati ¢ hydrocarbon group having 6 to 10 carbon atons or saturated or
unsaturated aliphatic hydrocarbon group hgving 1 to 12 carbon atons, and
R1' and R18, or R' and R2 may form an al kyli dene group( Rl' or R18 ) and
R19 or R~ may forma ring, and the ring may have a double bond or aronmatic
ring, and sacdntegdniod @ watalyshteégtdueonpbieht dans remdenstattnkysts

al um num car bon ,band in.the ol ecul e; 15 il 2002 5a addi at | east
one corrppunduggfie%f’é'dpf’mq]ﬁez%'? P %%‘F\é?’étﬁﬁ&rt‘} e 'Q%ﬁ%&‘?r%'% or
(3-oxyaci d hayblficQRg Y W9dlOs bDe i POLYRAFDBYY ldctidifbd Thd hendo! ecul e
and derivatives obtained by substituting the hydroxyl group thereof with an
al koxyl grougatapyssenedfigiently crnrdwrandesing ihe [decaupogbtion O C C

g oup. havl P oPRCE s AMREHUTLA  fhagssbhosnl Al LRFRA MRS O X

or di fferent pangmeia zeadoraahigioaohpdabgsnatiion reacthoharsd Hrek gl tatar bon
atons phené{_1 group or benzyl group to a solution of a reaction product to
[}

deconpose anthPRa@fEISLentY oatal yst metal conponent and precipitate
compounds contai ni ?9 28] Wit 3 et %@%Q%@%@ﬁtco 2108 *Eact'e

precipitate by filtration to forma cycllic olefin ntar nrng
smal | anmount pobvadea phrpse ssefodpaaducilty Aprydl P00 eFingpo lfhe Pasorimg i on

of the awi ~g~ Fi.g. | sho the inf ed._absorption ectrum of an
achr omagocwsﬁlg?@aégt &Pﬂi&q\ﬁ q:gf%lr%ﬁéiiﬁﬁnf?ﬁi ,ulelii Q’?‘ %%WEW? nfrared
absorption spapkEHRteh10Y noAe6lvrageiaaanPbd 1t icH Prddvbt %ﬁ?&\@@&é@a

ig.

i nfrared absorption spectrum of 2hydroxy-2-met hyl propi oni ¢ aci d;
shows the i nPratbe decomposditignrf ukhefabeveheatadystsaoirc cag inemsMei ned

I n Reference . acl ' 1,QN tr of an
achromatic Sgﬁ%ﬁ%%gg#w&%ﬁé&&%{@%ﬁ%ﬂ@ #o&é%t%%ea]i n tr ared
absor pti on sgeebmposditison gafuduets cosoénbrabiagnad iih Refecrcatemlysdanpl e 2;

Fig. 7 shows _the infrared absoyption spectrum of
tris(acdtyl aterCenReEIEHN tp,r%‘rlgqt% %‘ﬁ%?vsi'f- hat LBt PeRegFtedves of slurry

3-2 and slurry 4-2rebyai ge¢urtHe@BY fsctd MdtHe PPBEBHR AntdntSoh 3y a
curve B are for the slurry 3-2 and the slurry 4-2, respectively;
provide a process for producing a cyclic olefin polymer having

a small content of a catalyst residue, which can produce the
above catalyst decomposition products in the form of not a
20 markedly swollen gel but a solid which can be easily filtered.
It is a still further object of the present invention
to provide a process for producing a cyclic olefin polymer
having a small content of a catalyst residue, which can nearly
completely remove even a stable compound such as
25 tris(acetylacetonate)aluminum which is inevitably by-
produced when an acetylacetonate complex and an organic
aluminum compound are used.
It is a stlll further object of the present invention
to provide a cyclic olefin polymer having a small content
30 of a catalyst residue.
It is a still further object of the present invention
to provide use of the cyclic olefin polymer of the present
invention as an optical material.

Other objects and advantages of the present invention



15 April 2002 6 Fig. 9 shows the infrared absorption spectrumof a
precipitate (precipitate 3-5) obtained in Exanple 3; and Fi g15KAprill2608 t he
solid NVMR spectrumof a precipitate (precipitate 3-5) obtained in Exanple
3. 5 The process of '"the present invention will be described in detail

her eunder. (organi c al um num conpound) The organi c al um num conpound used
in the present 10 invention is a conpound having at | east one

al um num carbon bond in the nolecule. 3llustrative exanples of the organic
al um num conpound i nclude trial kyl al um num conpounds such as tri et hyl

al um num and triisobutyl alum num organic al um num al koxi de conpounds such
as diethyl alum num 15 et hoxide, diisobutyl_alum num butoxide and et hyl

al um num $Eslghii RRFRIG dRPPBEGAY c‘,frz%"hrﬁbrﬁjn‘%(%lx:kp‘%ﬂﬁoﬁﬁagrg%ﬁogs met hyl

al um noxane and j ; =YX UNg eln Dl RUNdS
such as di et hyl Ag{étpr/ﬁldn%ﬂn#c c{]gﬁ% .?e%igﬁgg{)ﬂ??ilﬁ%l@hrﬁr%um ch brt?.gee?%et hyl

al um num sasipettdhlaod ddyvadd dges/ofatheipueseet duivEntioni@recatighizmadn num

di chl oride and isobutyl al um num di chl orid tr ng' tion,netal catalyst
conmponent )P H?%‘ﬁ%?%i%ﬂrrrﬁfé?gu@ V5 1CY n%ﬂ? :Lgeao]lgm§ﬁe 25 present

L nventi ondoh (i0hn PAG! LOURNIY dddidCh A% | 088a3%< MABdde, chpLylic
function of producing a cyclic olefin po?ymer Ih the presence of an organic
al um num comourhgleantihies ss@psbleet i N an organi ¢ solvent. The transition

metal catal yst conponent is pref erigly f ggt al | ocene cat gl ﬁt 3? conponent,
met at hesi s cat alBRTYEORpEABT: @ oPY ST EGI Rt aParfs? LOHIBAERTI2BotH tH

et al | oceparpddty SHEC AN A tAlth st eghgalgetalasuipsiyponesiupiLe the
catal yst conmponents of a_catalyst for an addition copolynerization reaction

bet ween al®RROrganke fodvendrind spomdrnie aduminupennPrndeakalvat 15
Apri 2002 ofnflinén PO Xngrh¥§?§g%\9§8geggﬁb%§fé t%a.tf%rxﬁtar ;%ngnéléfiﬁhe

cat al yst conponent of a ca a ring-opening po rization réaction

of a cycl polgnedr nwhéire ineisalild ayrd ioatel ¢Sin chspmepre sereted Hiegi ghaat al yst
conponent ar]ﬁ S%fi egler catalyst conponent wlll be described in detail
\ cEREM IY'dt conponent)

her eunder £9

lll

(1)

wherein n is 0 or 1, m is 0 or a positive integer, p 1is
0 or 1, R!' to R? are the same or different and are each
a hydrogen atom, halogen atom, aromatic hydrocarbon group
having 6 to 10 carbon atoms or saturated or unsaturated
aliphatic hydrocarbon group having 1 to 12 carbon atoms,
and R'” and R'®, or R!? and R?® may form an alkylidene group,
R!'7 or R!'®, and R!? or R?® may form a ring, and the ring may
have a double bond or aromatic ring, and

said organic aluminum catalyst component has at least one

aluminum-carbon bond in the molecule;



The netal | ocene catal yst conponent used in the present 10 invention can be
classified into those suitable for addition copol ynerizati on15Aprth3002
suitable for use as a hydrogenation catal yst according to reaction system
The nmetal | ocene catal yst conponents suitable for addition copol ynerization
are preferably represented by the 15 follow ng general formula (I11): R29
Rzs RR26 M \R3o . . . (I I I ) 28 20 wherein Mis a transition netal
sel ected fromthe group 4 of the periggdic table, R2' and R3 are the sane yr
different and are each a hydrogen atom hal ogen atom saturated or 25
unsat urat ed hydrocarbon group having 1 to 12 carbon atons, al koxyl group
having 1 to 12 carbon atons or aryloxy group having 6 to 12 carbon atons,
R2' and R28 are the sane or different and are each a nonocyclic or
pol ycyclic hydraqgc C hRBaseaRAW LD 5t &bl Cf & t he
central netal %(ﬁiqpaidzg% |%@a&g$|(ggg{)fgo§uco%nectlng t he groume)g%'!%Hﬂ th
t he groupcBa% ahe velachadat brratiad aoblfbvwwxgastiducaviey R34 kR&lrcE?BﬁlRSl
R33 R31 -G -CGC -CSi- -COR32 ~ R3 ii 2002
s R31 R33IRPHIRIDA eneearbgfcygg 9%?“&3%"%11‘3 %C‘g‘i ?:ié%i % 5
-Si - 'S"g'btai.s{ecp‘by %&&nw@nmemdﬁyl%rouﬁ theB@Bf wcthl anll . ~
O. R31 R31 R31 1( ~" imlto
R34 are t hd kel (ﬂr@PPf§P§ﬁPS§|‘i‘di%’r é’Yea"ctl"le fﬂgragﬁéé‘r? aﬁ%‘fﬁ‘“%%l 6§&h :at om
saturated or unsaturated hydrocarbon group having 1 to 12 carbon atons |,
al koxy group having 1 to 12 carbon atons or aryl oxy group having 6 to 12
carbon atons, with the proviso that R31 and R32, or R33 and R34 may forma
ring) . 20 In the netall ocene catal yst conponent represented by the above
formula (111), the central netal Mis the group 4 transition netal such as
zirconium titaniumor hafnium out of which zirconiumis the nost
preferable fromthe vi ewpoRAt cR" atalytic activity. R29 and R3 may be the

same 25 or di fferen;1 and id (;er bl al kyl g ff? having 1 to 6 carbon
atons or a hal ogen at'—rﬂ"('é p&ci i ne atorf{ Preferable cyclic
hydr ocar bon groups as R2' re a cycl opent adi enyl group, indenyl

group and fl uorenyl group. The y be substituted by a hydrogen atom an
al kyl group 30 such as a met hyl group, ethyl group, isopropyl group or
tart-butyl

R31 t01R34 EP'Qf 4r 36 tétﬁ 8&%232 Qa?i*h?dg?gg%l 8%’8\3 ﬁa@llggﬂzgllr& rogg.r bon
atons or phe@wngrpueo %woxpraﬁifoefrsabla}ndamzéy\m“al K endl gfouRresdle as a
met hyl ene gsrggg,or different and are each a hydrogen atom, alkyl group
having 1 to 6 carbon atoms, phenyl group or benzyl group,
to a solution of areaction product to decompose and inactivate
the catalyst metal component and precipitate compounds
containing a transition metal and aluminum; and
separatingthe precipitatebyfiltration toformacyclic

olefinpolymer containingasmall amount of acatalyst residue.



15 April 2002 9 ethylene group or propylene group, alkylidene group such as
i sopropylidene, substituted al kyl ene group such as di phenyl mdSnrd 2602
silylene group or substituted silylene group such as dinethylsilylene or

di phenyl silylene. 5 The foll ow ng conpounds can be enunerated as exanpl es
of the nmetall ocene whose central nmetal Mis zirconium

di net hysi | yl ene-bi s(1-i ndenyl ) zirconi um di chl ori de,

di phenyl si | yl ene-bi s(1-i ndenyl ) zi rconiggn di chl ori de

di benzyl si |l yl ene-bi s(1-i ndenyl)zirconiumdichl oride, 10

met hyl ene- bi s(1-i ndenyl ) zi rconi um di chl ori de, ethyl ene

bi s(1-indenyl)zirconi umdi chl ori de,

di phenyl net e lQfZi b ghghl ori de,
i sopropyl i denebi s(1-1ndenyl)zirconi um di chl ori de,

phenyl met hyl si | yl®he- blsémowﬁdémﬂ)#ﬂﬁnﬁ#ﬁ®n$HS@ﬁP@ﬁp®eSPE@trum of an

di net hyl silyl bi s[1- di chl ori d
di phenyl o1 137ERERFEP 5Pl SCdTAY 1) "RERERbROs BRANRAR Tch or 1 de,
di benzyl si |yl ene-i gl 1% 2gAo¥wst ihetingnd ek nyb s dirpeaonu spdictihal icke,

met hyl ene 20 bis[1-(2,4,7- tr|nethyl)lndenyl]2|rconlun1d|chlor|de
et hyl ene- br%EHS(QCQtYlﬁppﬁépﬁﬁ% FHERAYEE r coni um di chl ori de,

di ph | met hyl 7 ¥ 1 4le,

sopr opyl | dene. bi ST (3, Anofe trle THebkpied WERYLRTAE RpdReal O¥ £°
phenyl met hiilsdtykene- heth&h@topibni¢rnnh@b)lndenyl] zi rconi um di chl ori de,
di net hyl si | yl 1- (2, 4di nd di chl d

di phenyl oi 111 enc FRE[ 14( Bha¥E R NAaRIcE | F5FPEBHLG APertarmeE

di benzyl si |yl ®FeBi 8EArbhRat1id BRI )o@éhi@danxh] Refre@@ndd dxdMprd de,

met hyl ene-bi s[1-(2,4 di nethyl) indenyl]zirconiumdichloride,
et hyl ene- b|S[1C2EHM4n§tﬁPPyS|ﬁ@@n%ﬂﬁﬁqqﬁﬂuﬁm$ﬂrﬁﬁ#9ﬂlQﬁectrum of an

sopropyl | e aiapaS! forda opt el Y IEERERACET BRI S5 D7 Mot um
di chl oride, phenygigt hyl shbwbemheblisl[ﬂr*a(rkcuohmbpt}tbndeppb]tmmQﬁi wn

di chl ori de, dlneth€h5|lyleneb|s 7-tetrahydro) |ndeﬁél]zirconium

dlchlorldeaQP¥ﬁTﬁ G1 §PLyGe A& %ﬁ?@ %%-%9%973P€?r§ﬁﬁmﬂﬂq enyl ] zi rconi um
dienioride. dibergyl iy yieg e@sbltﬁteli(r{fz%ﬁai é@é&fﬁx%a) b?@%@%lul'n_ Z coni um
di chl ori de, met hyl'ene- , 6, 7-tetrahydro) Tndenyl]zirconium
dichIorideInﬁ#W&e@Eybasptopﬁt@)@dbaMtnetrahydro)lndenyl]zirconium

di chl oride, diph ene 6. 7t et rahydro).inden r.coni um
di chl ori de, i s0p§%§ %%‘B‘i’%[ %1 ?%EL% SH%?S/ rFO ]‘Eer ?h

di chl ori de,g afvery | 4e3 MﬁhiﬁéanﬂnbEﬁhﬁpﬁés536a_ﬁd et,r &hwifd})n B curve A

i ndenyl ] zi rconi um di chl ori de, dirnethylsilylene- (9f|uoren
(cyclopentéHF%ﬁ@l?%FY@oﬁlGﬁﬁdﬁﬂﬂ(ﬁHQMﬁlQﬁEﬁeﬁyFsPPQIéﬁ@ @gurry 4-2,
fluorenyl) ( %#g PENL&¢,enyl ) zi rconi um di chl ori de, dibenzylsilylene-(9 20
fluorenyl) opent adf ényl ) zi rconi um di chl ori de,

nmet hyl ene- (9-fl uorenyl) (cycl opent adi enyl ) zirconi um di chl ori de,

et hyl ene- (9-fluorenyl) (cycl opentadi enyl)zirconium di chl ori de,

di phenyl net hyl ene(9-fl uorenyl ) (cycl opent adi enyl ) zi rconi um di chl ori de, 25

i sopropylidene-(9-fluorenyl) (cycl opentadi enyl)zirconi umdichl oride,

phenyl met hyl si |l yl ene- (9-fl uorenyl) (cycl opentadi enyl)zirconiumdichlori de,
di mret hyl silyl ene-(9- fluorenyl)[1-(3-tertbutyl)cycl opentadi enyl]zirconium
di chl oride, 30 diphenylsilylene-(9-f luorenyl)[1l-(3-tert

but yl ) cycl opent adi enyl ] zi rconi um di chl ori de,

di benzyl silyl ene-(9-fluorenyl)[1-(3-tert-butyl) cycl opentadi enyl]zirconium
di chl ori de,

met hyl ene- (9f l uorenyl )[1-(3-tert- butyl)cyclopentadlenyl]2|rconlun1 15
Aprit 2002 11




di chl oride, ethylene-(9-fluorenyl)[1-(3-tart-butyl)

cycl opent adi enyl ] zi r coni um di chl ori de, 15 April 2002

di phenyl net hyl ene(9-fluorenyl )[1-(3-tart-butyl)cycl opentadi enyl]zirconi um
di chl oride, isopropylidene-(9-fluorenyl)[%-(3-tart-butyl) 5

cycl opent adi enyl ] zi rconi um di chl ori de, phenyl net hyl sil yl ene-
(9-fluorenyl)[1-(3-tertbutyl)cycl opentadi enyl]zirconiumdichloride,

di met hyl si |l yl ene- ( @igl.udr eaiydvyét 1t}i8- kmEnarpdc pbisoppritiac epddtziun oot ua

di chl ori de,

(9-fl uor enyI B %hg%)ﬂ%'i% § gBéﬁFE&. gngl)] obradmeatn 1 Srgmpig, 3; and

di benzyl silyl ene-.( 84l uabeBybmisl the- BBYLAM MMRYShOBERUATSE Y | Jrid & LoD 46
di chl ori de, nethyl ene-(9fluorenyl)[1-(3-nethyl)cycl opent adi ényl ] zi rconi um

dichl ori de, épmpicdipdtare IQro'ibn?b):Pin@Q dBt fKampils 3

cycl opent,adi enyl ] zj er

fluorenyl”) [ 1-(3nmet ?B%) §§F8§ adélllé%%ﬁe%e%}cg%%& Hﬁ'llégbe described
i sopropyl i deag- ﬁgtuiqouﬁnéﬁﬂdef;% met hyl ) cycl opent adl enyl ] zirconi um

di chl oride, 20 phenyl net hyl silyl ene-

(9-fluorenyl)[1-(3net hyl)cycl opent adi enyI ] zi rconi um di chl ori de,

dinmethylsily r

fl uorenyl] (c§8?§p%%t°g§ﬂﬁ€jﬂ%r%%ﬁ éi)chl oride,

di phenyl si | yl ene- [whéZpEgﬁnﬂmralmqubumpen;aﬁ] used in the present
cycl opent adi. e i rconi um di chl ori de, . di benzyl silyl ene-[ 9-

(57 o Tt BOPR o 18ng| FORGEHBACREUIREGT ) L8 2 b FriFPaNEFg <RATbon

met hyl ene- [ 9pbRa71 4l tl&é‘ﬁﬁof@é‘éﬁhbf | upi eaytrateve! eRambAALCHY | drfd IS YUATR

di chloride, ethylene-[9 30 (2, 7-di-

tart-butyl )faaumémaqu p@qusmhtiamm Yeatfrasldeyr Lira ieinwn ictmpounds such

di ph I th I 7- b
(Icgcfgigemead gﬁg%im ré’z'lh q%rg'#‘o#fl ):Llh'ggp‘rgg% elr‘flén-i[nél-m’ organic
(2,7-di-tert huﬁmhhiﬂmwwjlde:ycbmpeﬂhadl sayh) aisr m@ﬂhiﬂldiﬂhinﬁlrﬂlﬂﬁ 15
Apri | 2002 12 phenyl net hyI5| Iene L &2 7-di-tart-butyl)
f1 uorenyd (cft F‘B feadidi\g %n? WRiPER Bptggide and ‘ethyl aluminum
di met hyl si | yE@Qﬁu?Jﬂ'hQQﬁr&’é) (&ygaﬂpenwdmaﬁh.) 6&%%@8&!@'5‘%{&&%5
di phenyl si |l yl ene- i ndenyl ) (cycl opent adi enyl) “zi rconi um di chl ori de,
di benzyl si | ymeraaymadnmm:;ar(e:y@n@pehhxal ehym;tm.umm cinganide,

t hyl 1 ' 1-
Mndenyl ) (cycPoBRag aRTFaarrahBoLRRs o o BRRLELEYT L Rihfifin Bteaiafe |

i ndenyl ) ( cycammebb&d:yemiu):mmmmmﬁiwl ethya, aluminum sesquichloride .
i sopropylidene-(1-indenyl)(cyclo ent adi enyl ) zirconiumdichl oride

pheny| néhy| BREYILARIPEONR RGRAY %%erbﬂem EholpminumdichioEhfsand 15

di ret hyl sil yhgBgultiyd GAmQREN &HERDYELIEET coni um dichlori de,
di phenyl silyl ene-bi's (cycl opentadi enyl)zirconi um di chl ori de,

di benzyl silyl ene-bis (cycl opentadi enyl)zirconium dichloride, net hyl ene-bi s

(eyal opent adk ERpPESAEa HRAF S Eo1 Bat “GomBRRYRET, )1 S,

bi s(cycl opent adi enghpz itiensiithati Giiﬂu'all deatanpéﬁp;abmﬂenent used in the
bi s(cycl .. opent adi enyl ) zi r coni um di chl o

pheny] m@tf’nyl BregretelBVeRSORy AEN RS Eﬁ?F}?PF—@E&%H??;tGPCW otoR@ as it
i sopr Opy' i deﬂss( tnendad itld SrdRet 160t ¥E) pevalea st adicyorlil i1 igim

dichlorid
i sopropyl i depelyﬂfslrumneb;xe)pnesencsopf@qummmmmlqmm @nd

di chl d i d t | d
(el opent adtBrBPLRbRedtt A LRyap{ s SR Fenclag Fransition metal

(cycl opent adigeuh Y- e%n{p%fderbvtyé )ﬁyef@@eﬁwdaemékhlabb%a@ watd G or i de,
et hyl ene- (cycl opent adi enyl ) [ 1- (3phenyl icycl opent adi enyl ] zi rconi um

di chl ori3®e, teBpPOENL. d@ﬁbatbeﬁﬂ-ﬁdmh? Y8 & pampaananidoedlegi ek faitahyst
di bromide, digptAyloil vl gBenbERE S PIEYLLAL SQPLYPt dSnpPidht 2008 the

Ziegler catalyst component are the catalyst components of

a catalyst for an addition copolymerizatlon reaction between

a cyclic olefin and an a-olefin and a hydrogenation reaction



13 5 10 15 20 25 30 di brom de and et hyl ene-bi s(1-indenyl) et hyl zirconium
nonochl oride. In the present invention, isopropylidene-(9 15 April 2002

fl uorenyl) (cycl opent adi enyl ) zi rconi um di chl ori de,

di phenyl nmet hyl ene- (9-fl uorenyl) (cyclopensadienyl)zirconiun1dich|oride,

| sopropyl i dene-(9fl uorenyl)[ 1-(3-nethyl)cycl opentadi enyl]zirconi um

di chl ori de,

i sopropyl i dege- 4% biymeenyhhialthe- me&h&maﬂscxﬁmréﬁadi bh&htcogi

di chl ori de, isop?%py??dene- (1-indeny|)%c cl opent a |enyﬁ?g?rconiun1 £Re

di chi ori de. GRRBLHSFSFOPRORAT: 4 A r@ehglysts Eom emrhndricnemntng

et hyl ene-bi s ' I I cani LC ' d

i sopropyl i deéélgﬂg%?élg)ﬁ gr?yfg??‘ ??&%& %%%Fg&ﬂ%ﬁ cc’ljéegzruel'pallrl ?g'lﬁtaé}lrjyocene
pref erabl e asathgystt aompoaient e tathesisf chltealysitaldonpirecat &by st
conponent_ may be_determ ned according to its polynerization activity. It is
used i n @n afbBALedr cedadvist GRUPORFRL BF%FeBSbFﬁSEEA?QQ)%RTQP?E#%, per
mol e of the guekbi;ngekefin added to a polynerization reaction system The
organi ¢ al um num conpound is preferably an organi c al um num oxy conpound
such as an al kyl al um noxane or trial kyl alum num out of those |isted

above. Wien an al kyl al um ngxane is used as.the organic al um num conpound,
it is used igmesﬂEKﬂSPpﬁhqﬁﬁéﬁ%ﬁ?ﬁﬁ%ﬁ?ﬁ%@ﬂEscataIyst conmponent. \Wen a

trialkyl alunminum pfeYsSthlidcbiie UsSthlPs £ YlNPGHARE Widd 18 FRE P ENE

catal yst conmponent and an ionic boron conpound. The al kyl al um noxane can
be reprddent buventihe gandraicliasshfiied Avto thoge| subbabierfer adiidriame

general, for MibBoUfhaf8Lat GUSbE SRl Sutisn B R0 Al S8 Bigdilogddifea
catalyst according to reaction system.
The metallocene catalyst components suitable for
addition copolymerization are preferably represented by the
15 following general formula (III):

\ " "'(III)

wherein M 1s a transition metal selected from the group 4
of the periodic table, R* and R* are the same or different
and are each a hydrogen atom, halogen atom, saturated or
25 unsaturated hydrocarbon group having 1 to 12 carbon atoms,
alkoxyl group having 1 to 12 carbon atoms or aryloxy group
having 6 to 12 carbon atoms, R?*” and R* are the same or different
and are each a monocyclic or polycyclic hydrocarbon group
which can form a sandwich structure with the central metal
30 M, and R* is a bridge for connecting the group R* with the

group R*® and selected from the following structures:

R3l R31 R33 R31 R33 R3l
| | | || |
—C— —C—C— —C—8S1— —C—0—

R!SZ . ]L32 l|234 R R!'32 AJ( , llz32 R



mt2 5 wherein R35 to R are the sane or different and are each an al kyl
group having 1 to 6 carbon atons such as a nethyl group , et sl Aprii002
propyl group or butyl group, phenyl group or benzyl group, preferably a

met hyl group or ethyl group and particuIaPIy preferably a methyl group, and
mis an integer 10 of 2 or nore, preferabl’y 5 to 100. However, the exact
structure of the al kyl alum noxgne is unknown. The aIkyI alunlnoxane can be
produced by a conventldhally kkown net hod, forRéxaane reactlng a 15

conpound cont ai ni ng adsorbgd water or a sal t_(_ gyuct ___l opper sul fate
hydrate) containing crystallization water with Ian or ga al um num conpound
such as trial kyl alum mitnin a@“i nert solvent g3such agstoluene) . The

al kyl al um noxane nmay contain a small anmount of an organic al um num
conpound derived 20 fromthe prodyction nethod, The al kyl al um noxane has
the functj on of kyl ating the tal | ocene ca aI yst conponent and further
rendering the neigllocene —conponent_gatignic, there obt ai ni ng
pol ymeri zati on a%tl vity. The :g-lc_:%th%atl on of th iiF\:ITtBaI | ocene ?gycat al yst
conponent is carmw*®d -out in RP?soRitien, prefer#Ebly by.dissolving the

nmet al | ocene catal yst conponent in an aI kyl al um noxane sol ution. A solvent
used for the activation is preferably an aliphatic hydrocarbon or aronmatic
hydrocarbon, thegmnst preferabgy toluene. Theggetal | ocene ca%:e;_yst 30
conponent is gener ally activatgd by the al kyl “alumi noxane befjore used in a
pol yneri zation reaction. The a@tivation tine is ome ninute t& 10.hours |,
preferadi® 3 minutes to one hour. The activation tenperature is -40 to 110
C, preferably Ot0 80 C . 15 April 2002 15 As for the ratio of the alkyl
al um noxane to tigeinetal |l ocene geat al yst conpogent, the al kyl' gfsum noxane is
used in an anount| of 30 to 20,000 noles, preférably 100 to 5 ,] 000 noles ,
per nol e of the—Metall ocene tatBatyst conpomenf—— 5 Th®Xuse of-R+re al kyl

al um noxane in too snmall a quantity based on the met al | ocene t al yst
conponent cannot provide sufficiently high polynerization activity

di sadvant ageousgly. Q) the other hand, the use of the al kyl alum noxane in
too lard® a tRantet§* @ﬁeughepmmrz%f%ﬂraehw@yam eagn,a hydrpgen
uneconom cal au IS SHENS S i.cati

pol yneri zat i oﬁ&gl f?lséh}gent o car ryé%éfﬁggrg?érga g%lgﬁlra% go g\yﬁérﬁtonéarbon
conpounds otgeouphaavihg al kqllalmbmameomslclaMeokylgtt«w leavhmgum tsaich

as triethyl %u umor, triisobutyl alum nu In thijs case, an ionic 15
bor on conpouﬁ oRp At M, anaEXiﬁ?‘XagFBHp%\éf?%rd Eonbt Srrrhem SRy 's
represented sbytﬁrﬁhé)aeoqfiswenaelﬁae\adwnge NeF &3 Eﬁﬁnﬁ“‘aﬁ‘ay( ¥b).—mt 9 gy
R413C ]" [ BR424 ] (VI ) [ RAYNM4 x ] + BR4z4 1 - ( VI ) 20 |

RAIXPHAZR 1 ' " [ Bmzﬂh? metal PxepeLpatp Bﬁdiz&FO}npor(eﬂtxr)emﬁed?m S
are the-sa r r c i r rb

i ng 1 1o 50 Sbbyel Blafla AL LRSI BenBLBY Relkd BOTEP IR MUy
carbon at ons4 ,tﬁﬂsitiaﬁ metaflhsushnesoridicbhduent ta.ltahmlmm @achafﬂmiamqrrati c

hyd b 6t 1 t 4. |
e P oa S D ouh BEnRBu AR Ly it ot Bretrzabie, 2990 Mhee (V)
to (IX) , Rﬂiéwﬁbfnarsfeéa@axytme é@ﬁfviﬁﬁ} arn”eaﬁa RN Rh¥ e HHY Raneh as

a nmet hyl group, ethyl 30 group, prop oup or but group, or an aryl
group s@&h &@r adfbﬁﬁﬁijpnéré@ﬂ isppre é%ﬁ%@lbr@e@h&’i greupahaving dr &oeach

6 carbon atoms or a halogen atom (especially chlorine atom).
Preferable cyclic hydrocarbon groups as R¥ and R*® are a
cyclopentadienyl group, indenyl group and fluorenyl group.
They may be substituted by a hydrogen atom, an alkyl group
30 such as a methyl group, ethyl group, isopropyl group or
tert-butyl group, or substituent such as a phenyl group or
benzyl group. R to R™ are preferably a hydrogen atom, alkyl
group having 1 to 6 carbon atoms or phenyl group. R* is

preferably a lower alkylene group such as a methylene group,



a fluorinated or partly fluorinated aromati c hydrocarbon group,
particularly preferably a pentafluorophenyl group. x is prefd5dpril 2002
II'lustrative exanples of the conpound 15 April 2002 16 i ncl ude

N, N-di met hyl ani |'i ni um tetraki s(pentafl uorgphenyl)borate,

trityl tetrakis(pentafl uorophenyl)borate and
lithiuntetraki s(pentafl uorophenyl)borate. 5 The ionic boron conpound has

t he functi onebthyilendegragpt be peopylenengroupal adkydddenecgtooat sunchcas and

th ic alum d f ' f alkylating th
roral | scene LEPRFYRTLAGRDGR e REbREFSrefon LSl SRR PR 35y can be
obt ai ned by §ephbiyfetRgaR Hed MPLNEBand OgA8ubobrt Rebsdiiittitfa tde1y DEhE

boron conmpound to the netall ocene catal yst conponent, the ionic boron
conpound i s 9xeupi sugh asowimethylsilylenenpirediphesyislliylend. to 5

nol es, re prefergbly t r le of the netall ocene catalyst
corrponeg?’. The orggﬁ?cf§+gﬂ¥%ﬂ§1 %§§%§§n8gﬁsgﬁs%rbm}‘%rgﬁe§n%%rﬁx%‘?p %o
500 nol es pepfmehe fbtaRldderee WhosWedeh BEallOet alloM AL s« GMRREYEH dirf: Used,
there is a tendencghthat t he required anmount of the organic al um num

conpound based on @hBekbyaLlydene duks Jsindenpdhaircrs i linhlarkdeand
catal ytic acﬁiéh%ﬁgi§iﬁkggﬂ'%ﬂiﬁk;{;ﬁ?%ﬂy?hﬁlkc%g “@fﬂﬂfﬁ?ﬁ{ﬁ used as

the organic a m conpound e use 0 he 1°onic boton
conmpound i S @tbangitalilylachesxtiagEbubndenylleirivendmnudicdildikdenet al | ocene
cat al yst coggonent and the anmount of.the co-cat%é¥§éffan be reduced and is

al so vely adfahb¥iengsbils (dedRaspy hlFi¥sentpmn, Tigleyo 8 1eR% T on.
Meanwhi | e, a,£Q(ROYRAehGANSIF LG dieniokhaw, NaipeRMAndtHidRe{X) 1S

preferably used as the netall ocene catal yst conponent suitable for a
hydr ogenat i obisédcindenyily) zddsian vm t @l chiorddpoudsopapryddidtent by t he

above genera#aggégghgghggggﬂgdoé¥§%Fﬁg@&lgtfﬁg . . . R44 15 April 2002

17 In the ne I conponentsTrepresented by the above fornmul ae
( 111 ) and pXenylinBehe2atinglleims-idM i sihdeniylyrdiricioniuieidlchifortide gr oup

4 of the periodic table such as titanium zirconiumor hafnium preferably
titani ud® frédpethylsilylene-bis[1-(2,4,7-
trimethyl)indenyl]zirconium dichloride,
diphenylsilylene-bis[1-(2,4,7-trimethyl)
indenyl]zirconium dichloride, dibenzylsilylene-bis[1-
(2,4,7-trimethyl)indenyl]zirconium dichloride, methylene-

20 bis[l-(2,4,7-trimethyl)indenyl]zirconium dichloride,
ethylene-bis[1-(2,4,7-trimethyl)indenyl]zirconium
dichloride, diphenylmethylene-bis[1-(2,4,7-trimethyl)
indenyl]zirconiumdichloride, isopropylidene-bis[1-(2,4,7-
trimethyl)indenyl]zirconium dichloride,

25 phenylmethylsilylene-bils[1-(2,4,7-trimethyl)indenyl]
zirconium dichloride, dimefhylsilylene-bis[l-(2,4-
dimethyl) indenyl]lzirconium dichloride,
diphenylsilylene-bis[1-(2,4-dimethyl)indenyl]zirconium
dichloride, dibenzylsilylene-bis[1-(2,4-dimethyl)

30 indenyllzirconium dichloride, methylene-bis[1l-(2,4-
dimethyl) indenyll]zirconium dichloride, ethylene-bis[1-
(2,4-dimethyl) indenyl]lzirconium dichloride,
diphenylmethylene-bis[1-(2,4- dimethyl)indenyl]zirconium
dichloride, isopropylidene-bis([1l- (2,4-



5 the viewpoint of catalytic activity. RS and R 6 may be the sane or
different and are preferably an al kyl group having 1 to 8 carlbdprili2068,
aryl group or hal ogen atom (particularly chlorine aton).

Pref er abl e~exanpl es of the cyclic hydrocgrgpon group represented by R 3 and
R' include a 10 cycl opent adi enyl group, indenyl~group and fluorenyl group.
They nmay be substituted by a hydrogen atom an al kyl group such as a nethyl
group, et hyldgmetpyli)dogdemyll]zfkxeoniamt dtchbargdegr oup, or a substituent

such as a ph | .gro r..Renzyl arpu he foll ow ng compounds can be
enuner at ed é&HéQX%BPEBYEFQ%i}%hﬁ%hf%ﬁ%ﬁéémgase central netal Mis
titanium thaimbsnyll)liaaeasne z 1 Sheigh oResh2geay,) bimdtnyn<hiIGh &id de,

bi s(cycl opent adi enyl )titani um di methyl, 20 bis(cyclopentadienyl)titani um
di phenyl , biBiel&rbfeht &di7erhatnah¥drem mdenyl ] zirconium dichloride,

bi s( et hyl cy ' 1) ti taniwm dj ghlogi de,

bi o( Mot hol cy§#§§§ﬁ?§§#§%’#§’ﬁ LR E b 9

bi s( met hyl cytébpanydedosaydenytlan 1 e phengichbride,
bis(nethylcyclopentadienﬁl)titaniun1dito|I

bi s(but yl cyclbBeRERAsAyILpRe-Bdigit vf 419 of i §etetrahydro) indenyl]

bi s(butyl cyc i i LU i - - _

bi s(but yl cyc%%ggﬁ%lggrglyﬁ%%ﬁgﬁ%u@%%ﬁ% ,bis [1-(4.5,6,7-tetrahydro)
bi s(but yl cycingenyadezéogbntivmadichlbrbie)  eBhylene-bis[1-(4,5,6,7-

b1 o( pentlet FRFESEYEREN L AdeBTA D45 b 1 b Fpr L.
bi s( pent amt@ﬂ%ﬁaﬁ#ﬂﬂe@hﬂbﬁwl )B4 g g4 sli heny!

bi s( pent anet hyl cycl opent adi enyl )titani umditolyl,
(cycl opent adtebtyahygoad Andemyllchrcl xgemt ui @hghl erideai udsopropaddider®r02 18

4 dichlorid cl epgntadi_enyl | Nl [ jum r

di et hyl (g?/%%g%ektgasi'éh% %%%@#e?ﬁ%ﬁ%&%?gﬁ?@% }ﬁti?"{‘t&r?frﬁl % pheny!
aﬂd 5 (cyclqmm?myﬂMeﬂyylénﬁmmynﬁ{qd$%p4ﬁ?eﬂingeﬁytrahydmbUnlditonI.(J

t hese, his(cyclopentadi enyl)titani um orj de

bis(cyc&épg %ﬁ?£¥§ﬁng98ﬁ#ﬁmngﬂﬁgﬂﬁié%miQA§?EQX}8ﬁéKFSHPéﬁ?F)titanium
ﬂi tolyl are P:@ﬁéi:éﬂkﬁﬁ' Y c¥@ 10 APl éh PEFALSEoh I8N i8niBkaleyel y easy to
andl e and have high activity. The anount of the netall ocene catal yst
conponent nedipkengleipvrenead@rding to its polynerization activity. It is
used in an - - y - 5 10'" nole,
per nole quﬁﬁgg%ﬁg %i?8§gﬁgﬁg&£ﬂéy%é?#}ég€§§§%§$igéngﬁ%?géétion system

When u?ed gfdﬂbéugypgﬁmgggga-gabalysih t he ”EtallfPSR? cat al yst gogponent
is prefera used in conbinatigon w n organo lithi umconmpound to
iinoveZPts ?%F?FY&)éEYFJPPFPPﬂﬂiﬁﬂyih%ﬁﬁék?*?ﬂiﬂﬁ?Eﬁﬁﬁaaﬁd is a

conmpound havh&eh@1bhé by §ea LRI GpdVEL@LEAPLY 18EBnikil UStrative
exanpl es of the organo I|th|un1coTpound i ncl ude nonol 1t hi um conmpounds such

?s Hpthyl | iddelhoriday| ethydiema- (R-dphuorennl im i sopropyl Iithium butYI
S oL B b B P n AL ol

l'ithium and I 'um compoun

1, 4di | i t hi obpa afEuotehyll) ( ciroilopent tant eyl Jiz Poicdntbmodiphoylaehane. O

t hese, net hy| Iithiun% butyl lithium sec-butyl Iithiun1ang tart-butyl

i thi unPar e SEPREPPYLEAGRPY (SrEfioRfw b RARYAL enghIF1TEoRIG re. As
for the raI|$%§ﬁl6ffdgrg?ﬁgnbumgﬁﬁyrgymylgﬁglGgif@hafgﬁ&i?cene cat al yst

conponent, t organo [ithium conmpound i's used in an anount of 1.0 to 20
mol es, pref efeciptonestadiedydoizdg,comgrumulichokoxrhde net al | ocene cat al yst

conponent . 5 ril,.2002 19 The use of the organo |jthium conpound in too
smal | a quanq:ﬁ'_??/ég%gﬁ?j%gﬂ_eflﬁé_( ot ﬁil"}_?cr_eq{g@a[t%%’tg%ﬁhbonent cannot provide
suf fici entl ol D) 8pLY8PpEhEalen A Mdon dins atvent agegesl y. On the ot her
hand, the use of the organo |ithium conpound
30 diphenylsilylene-(9-fluorenyl)[l-(3-tert-
butyl)cyclopentadienyl]zirconium dichloride,
dibenzylsilylene-(9-fluorenyl)[1-(3-tert-butyl)
cyclopentadienyl]zirconium dichloride, methylene-(9-

fluorenyl)[1-(3-tert-butyl)cyclopentadienyl]zirconium



5intoo large a quantity is al so di sadvant ageous because it does not

i mprove pol ynmerization reactivity and makes purification aftdp April 2002

pol ynmeri zation difficult to carry out. The netall ocene catal yst conponent
is converted into a neutral alkyl ated neﬁﬁ]locene and acquires a
hydrogenation 10 catal ytic function when used in conbination with an organo
| ithiumconmpound. The formof a polyner to be subjected to a hydrogenation
reaction i s @bthpariteyl athylems - Ahdoranyhe [@i-t(RBertertnitaited por in the

formof a solutjon after a | ymeri zation 15 reaction. However, in the
f or mer case,cYﬂ%°BBP§ﬁ§F°ﬁﬂiﬁ%%F?ﬁ ?Wv%HF?%OEiQSPv@ﬁphéﬁﬂﬁﬂﬁtﬁ¥%§ﬁQﬂe,

the latter i f ' ' ' ' t '
e atter | pobeeugealbs 0TI £y R) opB B ot aliBity (TRLAIoRS

catal yst conmponent) 20" The netat hesi s catal yst conponent
present i nvedichbhoridehelsoppopyd ideriere( 2 rElgorenpligtlal( 3ot etrtte byrtylps 3

to 8 of th | odi ¢, tahl i fi t he hali des, hal i d
a?koxgha ige féiﬁ%éﬁ&e@,°§§F§§%§§§¥§§?“E@gﬁﬁﬁeﬁégﬁaie{oﬁZtSEY 2angayl
conpl exes, ggﬁéﬁyi&éEh?lgiyyﬁyﬁéﬂﬂ¥@-fmﬁ%féﬁy§9@ﬁLQ§e%eQ&_the transition

nmetal s and rivatives theréof. O these, titanium vanadium nolybdenum
t ungst en andcutiehi avicdoppodadsenyl rireornbmm dlohlomddei.ewpoi nt of high

activity. Specifl] xangples of 1 hests_catal yst _conponent i ncl ude
titani um 30 ?fT%hﬁ%i?ggglFPFaﬁéﬂﬁieﬁééﬁ%ﬁgt?dggtWFéﬁya tetrabrom de,
vanadi um t et ¢pehdbpehdadivaadizipconun cdi el eeideanadpuengtsiniyarend de,
tungsten hexachl ori de, tungsten tetrachl ori de, tungsten di chl ori de,

t ungst eA%hexbdrEhnaeenyddddrd3 ety bcyelppertaddepyild eircendsmen

trioxide, i 00 ' SO U heq gl 4§§a
pent achl ori d%?cﬁgf’{:/%%éﬁu%i?’ r%flg"{%'lll(;}%ejic e],' ol %dﬁ%ﬁ?ﬂgg?g%%‘ldg‘? )r% ybBdenum
di i odi de, notydliepentadienydd,zimdorbdemudd chbartide, meyhgdene- (9 -

oxy)tetrachlLoride lLdecyl a I um npl ybdat 5 eni um
'Eri Z?’ﬂ ori de,éf‘ﬁ%’ﬁ?m’r“égy)?%r'f'ﬁqﬁ%:}i )ﬂcr??\%?ﬁﬁﬁs??Pgﬁ'gﬁiqﬁém&ﬁb‘mr heni um
(oxy) tri br ong fen16¥188¢sethlyilledd UM Il UGS PL) €~ (BomBRAGIYM pent achl ori de
and tungsten hexachloride are particularly preferable. The netathesis
catalysg5con%Y¢%%BeBﬁédéB®Méhﬁ&RQQR%HQ;qz%%%?§}9§t conponent and an
organi ¢ al UNGIpiGPTRGLAY1 AR (Y I¥ Y ol PPN ggIPOUNd used in the

4 methyl)cyclopentadienyl}lzirconium dichloride,

isopropylidene-(9-fluorenyl)[1l-(3-methyl)
cyclopentadienyl]zirconium dichloride,

20 phenylmethylsilylene- (9-fluorenyl)[1l-(3-
methyl)cyclopentadlenyl]zirconium dichloride,
dimethylsilylene-[9-(2,7-di-tert-butyl)
fluorenyl] (cyclopentadienyl)zirconium dichloride,
diphenylsilylene-[9-(2,7-dil-tert-butyl)fluorenyl]

25 (cyclopentadienyl)zirconium dichloride,
dibenzylsilylene-[9~ (2,7-di-tert-
butyl)fluorenyl](cyclopentadienyl)zirconium dichloride,
methylene-[9-(2,7-di-tert-butyl)fluorenyl]
(cyclopentadienyl)zirconium dichloride, ethylene-~[9-

30 (2,7-di- tert-butyl)fluorenyl](cyclopentadienyl)zirconium
dichloride, diphenylmethylene-[9-(2,7-di-tert-
butyl)fluorenyl] (cyclopentadienyl)zirconium dichloride,
isopropylidene-[9- (2,7-di-tert-
butyl)fluorenyl] (cyclopentadienyl)zirconium dichloride,



particularly preferably a trial kyl alum num conmpound such as triethyl
alum numor triisobutyl alumnum Further, an additive may bd5aurdR008
enhance the 15 polynerization activity of the netathesis catal yst.

Il lustrative exanples of the additive inglyude nitrogen-containing
conpounds, oxygen-contai ni ng conpounds, sul fur-containing conpounds and
hal ogen- cont ai ni ng conpounds, as exenplified by an aliphatic tertiary
am nes, 20 apbemylwvetbyilisddylerierck?- d) ecdlatestypatyldat er, al cohol s,

ethers, peroyjd i i d ' hydrides,, acid chlorides,
cstor s, kbt anbbISEPRERIAEy EapReR AT ie PSR L GBI TR vat | ves and
nol ecul ar i ogdiféthPisihgiened! (1Pheidéenp DY ( 8¥8MBhien ta@1ldnily) AHAES1@h e

preferable, and 25 triethylam ne, dinethylaniline, tributylam ne, pyridine
and met hyl pydidhheride . pdiphenyvksilplener bre because they greatly inprove

Cat Alyst Scorbarai Ly (Y EbestiRtiagl) | PEpaRhERTubAbR IR 2 0T 5

per nol e of @leenyglbtighehier (i1 nndsiyeE) al &polobeptladiRniyadtid Rrceetuni ty.
As for the ampunts of other caonponents, the anount of the organic al um num
conpound i s d4i¢hleppdpp| BethydemerGhty 2 to 50 moles, per nole of the

met at hesi s ¢ gﬁé¥)' 1 of the additive
is 0.005 to %&éﬁ%ﬁ%g?@gﬁg@g&gﬁaﬁjﬂ {%lﬁgﬁgl%gé d&%gr}to{}%tgea'nount of the
organi ¢ al unetiuylensapéirdindenyd s(ydlopehtadienyldetirvionduannot be
obtai neqd, while when_ it i o0 larqge, activity does not inprove so nuch 5
and it SQ rd@%%?l%rbﬁﬁatdagh&5¥%ﬂé§h¥£%%ﬁﬁbir of the catalyst and

i ncreases C%&eﬂ&i?@&?@?@@%@iﬁ&ie E)zih8oATRMNE1Sh1ka gaddi tive is too

smal |, the inprovenent of polynerization activity is not seen, while when
it is too |atgepreprlidane-(d -dautanyhl eayeherentaijenydi)s zdwroardguous| y.

10 (Ziegler o] | atal onent used in the
pr esent invé%f%%%xggﬁgbgggﬁigghégg?#%§¥&fé%ggggu%ghgg ording to reaction
system That (¢gclopengaaipnydiirsesn Aimodechlorddegl yst conponents

suitable for_addition coiolynerizgtion and th$$other conpri ses Ziegler

cat al ystSconbherhrlelilrvdsre -pds { wtRpntrIbANYLAzdrsanium

dichloride, diphenylsilylene-bis

(cyclopentadienyl)zirconium dichloride,
dibenzylsilylene-bis (cyclopentadienyl)zirconium
dichloride, methylene-bis (cyclopentadienyl)zirconium

20 dichloride, ethylene-bis (cyclopentadienyl)zirconium
dichloride, diphenylmethylene-
bis(cyclopentadienyl)zirconiumdichloride, isopropylidene-
bis(cyclopentadienyl)zirconium dichloride,
phenylmethylsilylene-bis(cyclopentadienyl)zirconium

25 dichloride, isopropylidene-{(l-indenyl)[1l-(3-tert-butyl)
cyclopentadienyl)zirconium dichloride, isopropylidene-(9-
fluorenyl)[1l-(3-isopropyl)cyclopentadienyl]zirconium
dichloride, isopropylidene-[1-(2,4,7-trimethyl)indenyl]
(cyclopentadienyl)zirconium dichloride, ethylene-

30 (cyclopentadienyl)[1l-(3~tert-butyl)cyclopentadienyl]
zirconium dichloride, ethylene-(cyclopentadienyl)[1-(3-
phenyl)cyclopentadlienyl]zirconium dichloride,
isopropylidene-(9-fluorenyl) (cyclopentadienyl)zirconium
dibromide, dimethylsilylene-bis(l-indenyl)zirconium



The Ziegler catal yst conponents suitable for addition copolynerization

i ncl ude vanadi um conpounds represented by 20 the foll ow ng getbeAptil 2002nul ae
(XI) and (XIl): VO( OR" ) QXb ( XI ) V(OR")axXd - (XII) Wierein R4' is an
al i phati c hydrocarbon group having 1 to 8 garbon atons or aronatic

hydr ocar bon group having 6 to 18 25 carbon atons, a, b, ¢ and d are
integers which satisfy 0 SaS3, 0SbS3 2Sa+bS3 0ScS4 0S
d S 4 and 3 9ibremids andsidhylenethls(heindeaglumatdnpounticcontimde
vanadi um (oxy&,g,gicﬁ Iog.riid%e, vanadi um (oxy) (et hoxy) di chl ori de, 30 vanadi um
(oxy) (propoxy)dichloride, vanadi um (oxy) (isopropoxy)dichloride, vanadium
(oxy) (but oxy) di chl Dni dhe paesdEntmM {oxen tisnbulesprdpgilidends, (9-anadi um
(oxy) (di et hoxiéchl ori (ge, vanadi um _ 15 Airi | 2002 22

(oxy) (di i sopFol8keRFh)deYRloreHAtieny Lt ¢icgrndimy Wahlnriie . vanadi um
(oxy){diiesob A, o MANES L Ki et hoxi de, vanadi um

(oxy)tri ﬁopgipgé,}!&\?gﬁggﬁnﬁ%%xy t#ﬁéggg%ﬁi%xi de, 5 vanadi um

(oxy) t ri but okcgelopanddidirenyix)a1rdcosbimidbdhder ide adisoprtopyahl dsnele( 9 -

di tri id di t | i ... Th t of th di
Lo P b EerE L e et T £ S B e S o 1y 1y e
used in an 1§84 aARYPY aaf, la%qtiutdb Pigeﬁ@l-ﬁ%f@h%ﬁ:%hﬁﬁlm.llqﬁﬂ&ég 3 mole ,

per nmole of the cyclic olefin added to the polynerization reaction system

The Zi egl er eutulysycdopeamtiadienyhlizir¢conivepdiighdordstea.on is a catal yst

produced fro LRation af i nd and .an organic

al umi nu%ocon%%ggg.gggggﬁgb%an@ %%énﬁﬁggﬁﬁgg]ﬁ§8&§%§§ﬂyﬁ&ﬁ‘aﬁ?“ ref erably
an organi ¢ aliuchbugibal,i ddmeamydsIl eXenet bised - by ddngl11 réd o1 v m
chloride, diisobutyl alum numchlaoride, ethyl alum num sesquichloride,

butyl al unm n@hFRieEhAeH SthydensyRiF(l - indankdirdresndumy dichlaxide

al um num di c ri | K £ r dto
t he Ziegler %}éfaa gg{)ﬂtagyitlﬁgre g\i%%@p?@%ﬁ??ﬁ?%ﬁbg@??‘ v:atq'fflﬁc{.‘{lﬁief rative
exanpl es of paetitetardy gaedierairleaides 2Bhexmgtaldoreaieni ng el ectron donors
such as .,al cohol s, jphenol s et an al debydes, carhoxylic acids, acid
esters, 2ci d ani de ,ea%'f"aﬁﬁﬁhﬁgrFﬁ%s‘,"eg?ﬂéf’fe&%° Ql?é%’fsﬁ Iczi’ﬂl?s‘?n%{%‘i Y
nitriles, ispsyspdfinined ddcotdkeg ¥§ 118 pdhgmertitaion M-Iy C 1t

al um num conpound to 30 the vanadi um c_qngoundL2 the organi ¢ al um num
conmpound i s HSLESR Hh awoURRuRt 9ft0508o0mbPesmodeef PrafieFab LYo 190° st es,
more preferapyy 3 les;, e e i myng. Wen the
anount of thg orgg?ﬁgé glel%nﬁ)u&n? %fm%%dc?élggoog%a%q}, léﬁd;qh actirk\gi ty cannot
be obt ai ned plymenheatiohs réaatlidA@0CyLBemhe anount is too | arge, the

pol yner ey be gelied i sadkantagous! Lond i 1L LALEQ 8] A5 O

aluminum oxy compound such as an alkyl aluminoxane or trialkyl
aluminum, out of those listed above.

When an alkyl aluminoxane 1s used as the organic
aluminum compound, it is used in combination with a

25 metallocene catalyst component. When a trialkyl aluminum is

used, it is used in combination with a metallocene catalyst
component and an ionic boron compound.

The alkyl aluminoxane can be represented by the general
formula (IV) for a linear structure or the general formula

30 (V) for a cycllc structure:

N Lo ot

Al 0 Al Al v (IV)
e K |) N
m




to the vanadi um conpound, the electron donor is used in an amount of 0.005
mole to 10 noles, preferably 0.05 nole to 5 3 noles, per nol &5Apnil2902
vanadi um conpound. \Wen the anmount of the additive is too small, the

i mprovenent of polynerization activity ig40t seen while when the anount is
too large, the catalyst is deactivated di sadvant ageousl ~r. The Ziegl er

cat al yst conponent suitable for use as a 10 hydrogenation catal yst is
preferably a halide, acetyl/acetopate conpl ex, carboxyl ate

conpl ex, napht henate conpl e}, “tri HQ or pacet ate conpl ex or *$V¥darate conpl ex
of a transition metal suchjas vanadi um chroni um manganese, iron, rutheni um
cobal t, rhodium nickel or \palladRum/ Specific exanples of 15 the Ziegler
cat al yst component include i et hyl ¥amadat e,
tris(acetylacetonate)chromum tris(acetyl acetonate)nanganese, cobalt
acetate, strighapglinl RBetaNateheeba, seafedldr lGURnt and are pach an

bi s(acetyl acetonate) ni ckel and the |like. O these, cobalt 20 and nic
conpounds aralkyfgraup davidng frtg(Gacerpoacatonatsjciniad & meithyl group,

bi s(acetyl aceionate) ni ckel _are _.particul arll}/ Er‘ff erable fromthe viewpoi nt
of catalytic® RY{\PEGUPTHRTEPTS TR Y ST ST ¢ BEPRPE oPREPRYd S5t don 25
reaction is paReyEedrbap preeekanaly Qnm%fth?fle gRItE o' ¥tHY1 YrdBY @nd
conpound and an organi ¢ al um num conpound. The organi ¢ al uni num conpound
used in the Rarblgulardyt hrefarabdy anmethydcogroun ., appdanalrl &s integer
particularly pref a trl ' nmpound such as triethyl

al um nur%?or %ﬁ ?r:‘:"%g@%#w bg:e?r%li#l})nﬂ ALgsn?%plgﬁe quantitative relationship
bet ween t he transiléwavart, athe angmeinds e tee ) e adlkyl &L KX,

t he amount of the netal conponent of the al kyl metal conpound should be 1
to 50 nol es,iir'éméf‘amly 1 to 10 noles, per nole 15 April 2002 24 of the
metal of the transpidop;RpiahlGhTRGKAe Wih M8 rgféaﬁé@ape yger to be

subj ected to a hydrogenation reaction is not particularly Timted. It may
be either iscbtaventienadlyh&nownmmgtirodol £or opxanpde . arsagtlipgea zati on
reactio However, in th ner h ol yirer e dissolved in a
sol vent Eggai(ﬁ?mqﬂg?gf%? ?aiﬁ%nga§$%$&gaﬁ%€%¥ ap1 & g%%%n Q%u‘?lﬁcﬂfsf:? Pglerpoi nt
of view (cyshifabbehiydrate)Teontsdning| @fyatabedzadibhewatesentithnwantion

is represented by the_ follow ng general forrmula (1):
organic aluminum compound such as trialkyl aluminum in an

inert solvent (such as toluene). The alkyl aluminoxane may
contain a small amount of an organic aluminum compound derived
20 from the production method.

The alkyl aluminoxane has the functlon of alkylating
the metallocene catalyst component and further rendering the
metallocene catalyst component cationlic, thereby obtalning
polymerization activity. The activation of the metallocene

25 catalyst component is carried out in a solution, preferably
by dissolving the metallocene catalyst component in an alkyl
aluminoxane solution. A solvent used for the activation is
preferably an aliphatic hydrocarbon or aromatic hydrocarbon,
the most preferably toluene. The metallocene catalyst

30 component is generally activated by the alkyl aluminoxane
before used in a polymerization reaction. The activation
time is one minute to 10 hours, preferably 3 minutes to one
hour. The activation temperature is -40 to 110°C, preferably
0 to 80°C.



151e 19 (I ) ;0 20 wherein nis O or 1, mis O or a positive integer, p
is Oor 1, RLto RZ are the sane or different and are each a1BAprd@dA2at om
hal ogen atom aromati c hydrocarbon group having 6 to 10 carbon atons or
saturated or unsaturated aliphatic hydrocasbon group having 1 to 12 carbon
atons, and Rl' and 2 5 R18 , or R1I' and Rz may form an al kyl i dene group ,
R1' or RI8 , and R' or RZ may forma ring, and the ring nay have a doubl e

bond or aromatic riAfy. E9Rethel Fakiley oforihsumikkshrabaninexenat &d 4be
cHaTDl o2 %) HREYELLEr8! ERRAISET SRSILAY, {60 B BilH:Achabo 13

bi cycl of 2. 2. ﬂdmptir? ameinmhbroﬂnaio td-pet 0gpbbmoyeko[ Bréfékraent- 20eneo
6- met hyl bi cycl o] 2. 2. 1] hept - 2- ene, 6-et hyl bi cycl o[ 2. 2. 1] hept - 2- ene, 15
April 2002 2§4§£ PIYiRA bPeFeLe, of fihe petaldogene catalyst component.
g : :gmsg'b?g@é{h%@z é;gt&kﬁegggmg@xan%um'd%ocmhiﬁza Guatay Pagaae:
6- et hyl i denelmcythe[m@tallpbepe- dadasleyyst component cannot provide

g' PQSB%LSFP%l 25%%%%38; easgggé:%activity disadvantageously.
7-met hyl bi cy@p[the- &dﬁ@ﬁtngn&asehetﬁseysko£ﬂe3a9k§i élaﬁiﬂ@ﬁsﬁéein too

derivatives such as tricyclo[4.3 2' 5] - 3-decease,
2- et hyl tri cyldngel. 8. Qquantiry3- &b@@ﬁepolymerization activity is high,

T met byt 011 St adertdodt BRRRRRR ISy onmenstie i anakes

tricycl 0[4 4Iﬂnﬂﬂ:ﬁ‘]:a81blﬂd&£eﬂﬁ polywair et I0ic \ABBFicult to carry out.
tricyclo[4.4.0.12'5]-3-undecene, 15

2-met hyl tricycl of 4. @qﬁq:galg}eg,osagggégngluminum compounds other than the

S-nethyltricygl
11-nmethyltricyc 'ﬁhfliil’g' &%%ééﬂ&% eceﬁjeﬁaq'k rl a%%/mf‘im[lmf ucr}l as Bri?LEhgl
.1'-1] - 8- docﬁw@mronatrﬂcésobuctwlaamrmwcl dn this £asd), 1&h Slorilét 0]

_3_dodec thyltetracycl 2 5, 1 ] -3-dodecene,
5ot nyl 1507 it [Compoyta’ §EEE) Peched' iy Sopfimurdon

8-n-propyl tetracyclind 149n1<£’r boxdbn libnfpotind 4d r@x@#&ﬁ%@bﬁany one of
i sopropyl tetracycl o { 4 . 0 .12's . oJ‘]I) - dodecene

8- n-but yl t et &S G °‘ﬂin9499n9rallf°§muﬂaq e dobkkene , 25

8- |sobutyltetracycI[qi Bﬁ‘z ]O . 12'5. 1'"1o0] -3-do ne,
8-ethylidenetetracyc B . 12'5. 1'"1 ] -3-dodecene,

8- n- propyl i denet et r[a‘t‘;‘/@l}b 4 ﬂBR"4] 0.12'5 . 1''1 ] -@rdbdecene and

8-1i sopro | i denet et r. .. 0.12's,1'~I 0] -3- cene; pentacyclo
[ 6 . fg 13'6 [%Z‘X)%N]Oéé?t - 4- pent adecene; and entacyclo [ 6 .
5.1 13 6 . OZ-' L1*PBRY,11 -4, 10 pent adecadi ene . @1x)hese,

blcyclo[2 2. 1] hept - 2- ene(norbornene) derivatives, dicyclopentadi ene and
tetracycl o [ Wherein R'’srare the spame ox d%%%%?@ﬁe@@@a@!-”?egaﬁhean

g;ﬁI ﬁreglblz:db%q' ltlﬁ'&)tlt ate eggizﬁgﬁeﬁngknopggﬁ?gﬁgg % d| cy oﬁpéer?ltzgg%g%e are
particul arl yapmfaarfedaﬂwdr'ﬁtfgrbmy dioups bavdingné oo thcaubbnnatoma &*?tswo or
more. S ég yCla'rCe ghgfslapmg Ql::'y gfﬂferent and are each an aromatic hydrocarbon
group having 6 to 18 carbon atoms, and x 1s 1, 2, 3 or 4.
In the ionic boron compound represented by any one of
the above formulae (VI) to (IX), R*'s are preferably the same
and are each an alkyl group such as a methyl group, ethyl
30 group, propyl group or butyl group, or an aryl group such
as a phenyl group. R*'*’'s are preferably the same and are each
a fluorinated or partly fluorinated aromatic hydrocarbon
group, particularly preferably a pentafluorophenyl group.

x 1s preferably 3. Illustrative examples of the compound



The cyclic olefin polyner produced in the present invention is not
particularly limted as long as it contains a cyclic ol efin 46 April 2002
polymerized unit . Basically, the cyclic olefin polynmer can be classified
into the group of addition 10 copolyners ;¢ cyclic olefins and a-ol efins,
the group of ring-opened polyners of cyclic olefins or the group of

hydr ogenat ed pol yners thereof according to polyner structure. 15 (addition
copol yner) | hnchader 8s&mdimetdywlami bhnduskef i n-cyclic-ol efin copol yner is

produced by Ltiqn,c I |.Z1 - in having 2 or nore carbon
atons and a ?ggF%§98#8%5%%&?@?€%éﬁ%@£%gB§L§%PVeﬁ? Fﬁqthe presence of a
pol yneri zat i pat2akial pentarielaspiteiyDibbbhater aud aargiisiing of a

nmet al | ocene cat al ist and a Ziegler catalyst. The addition copol yner has a

recurring stEatrakds{egnsadduorephemel)BeratPng general formula (XI11): 25

30 B (Xllgl) wherei , S ef |

15 April %2002 27 1 PRt dheE ol boibdind bad bheARoRI 0L Mehddhlal, |
group havi ngthetnte il tacdwe o taby s floompument atatd cofid handythe orgaiia
conponent to the a-olefin conponent .is not Egrticularly limted but 5

preferably iAlEfnrEnGEMEO heg ;he/Senchbre plefdkadiatigy Zhe o 20/ 80.
I11ustrativepg¥gapbesngf c{aggﬁvs@ ﬁgg BohRWY %h@&erfwo S5 bg,?]..eaa%i&?d In

the present i1 nvention inc e"a-o I'ns having 2 to atons such as
et hyl ene, pragliwdty t@nlbeucdi®iredcvy acembinbegatbest meinipduridpent ane,

lheptene, 1-octane and 1-decene. O these, gethylene and propyl ar

prefer aﬁloe fromt hﬁsvggﬁpgﬁﬁt §a3‘ld'°p(ﬂ€n’éw zlg?’?%ﬁ ﬁBFPQi f’g“‘ﬁ’r?\é’nt(a:}%q ul ar
vei ght of thﬂeﬁﬁh!ﬁ’é_@ne%ét_&lim!teﬂém%:o&nléﬁl‘tt,' eHbalbyiBed L6AE Empod &Y dray
15 be used alone or in conbination of two or nore. The cyclic olefin, the

met al | ocene B&LHl §5t aAn@MENELZiodg|®rS CR o} § PO RPE - aBTRAGT AR AHB P
descri bed agﬂéﬁﬁsspﬁggel gr%ﬁw 9.3 "eo hidﬁlBi%?o eiplm\(ﬁr']ét gseghderein

i nclude ali ¢ "hydrocarbons such as pentane hexane, "hept'ane and
octane; alicyetatlbygdneceaatalysducdomsonynt opefianergapiayblandhopent ane,
cycl ohexane, rethyl YS! QheXaNe 2N.SYSheOsk A %o Aish UL Syl pearbons
metallocene. When the ionic boron compound 1s used, there
is a tendency that the required amount of the organic aluminum
compound based on the metallocene catalyst component is much .
smaller and catalytic activity is higher than when an alkyl
20 aluminoxane is used as the organic aluminum compound.
Therefore, the use of the 1onic boron compound is economically
advantageous because the amount of the metallocene catalyst
component and the amount of the co-catalyst can be reduced
and 1s also very advantageous in terms of purification after
25 polymerization.

Meanwhile, a compound represented by the following
general formula (X) 1s preferably used as the metallocene
catalyst component suitable for a hydrogenation reaction,
in addition to the compound represented by the above general

30 formula (IIIX).

R43
\\ R45
\\
M/ TRy (x)
/ \R“

/
R’u



as benzene, toluene, xylene, nesitylene and di et hyl benzene. They may be
used al one or in conbination of two or nore. OF 25 these, ar dfsAprd 2002
hydr ocar bons and alicyclic hydrocarbons are preferabl e because they have
high solubility for catal ysts and pol ynerisz and benzene, tol uene,

cycl ohexane and net hyl cycl ohexane are particularly preferable. The nol ar
ratio of the a-olefin unit to the cyclic 30 olefin unit in the copolyner

can be easily contpb!tlté‘%i“kﬁﬁ%h??ﬁ‘ i‘f'@t?ﬁsffﬁ?‘@%e’t‘ﬁﬁ RREePeRELARE of
bot h rmnorrer?hi aﬁ%*ﬁé %ﬁﬁﬁi’%&hﬁfﬁﬂ‘?ﬁ’d os6f | RHe c.%i’ﬁ:‘i%tjﬁm%ttalﬂofd”fls the
| ke et hyl e po

t enperature yl'ene, the Introduction ratio into t ynmer can be
control |l ed byrahsipilensmetadf otfhdhe girefup.4 ofl Zh&ppdriddiz: Able such

tenperature and tine of a pol rizatjon reaction_nay_ be determ ned
accor di ng t ™% tanem oﬁiﬁﬁ%ﬁ‘i‘% °d:nhag8t13f“ys?rﬁgﬁﬂgpﬁya%??‘i‘%ﬂm' from
copol ynesi zaghOnyy 1ak| yrseaekileid e tigamef at ‘l’zrie drid &*t GndPAe the

preferably 10 to 5 C, and the reaction tine i's 0.1 to 10 hour's.
(hydr ogenat ezsempe| 9rediffenduitt Aod aggopyefieraian an @lddylc grafp hawlngg

two or nore ubl.e ban et ween i S t o pr.oduce t ahove

addi tion 10 ’g%&oby%%ﬁ,’gﬁr?&°d%%bla§3§%%%s%ﬁ’e§ﬁ§§e\f%%%&%°w P&r&i‘i’nﬁﬁﬁh’
addi tion copshyo®ine! Atbhi)s CREefeddDI¥H Qe Péls POEYERE egB1he produced by
addi ng a hydrogenation catal yst selected fromthe group consisting of a

met al | ocene Epgarbapdgzompe Jrapresentedi byoRa a8sc® orlneludeod obt ai ned
after 15,pol | | a t e 1. n
polyner§ﬁas %??%%é?##%gigﬁyﬁbP&%&ﬁgéSgégéﬁg%gﬁ%¥&?ﬁnggﬂﬁém%1 ggh%ggr

formul a (Xl \fheROnéy (B¢ \SuBStiharteid by, arhgddogea atiore aaalxyldefrdaigs in
t he fornula.é-l ) , and R49 to R68 are the sane or different and are each a
30 hydr ogen 1% 2R af ofehtRytlo TR FRY hyaF SuBy bR ORreRY h&RIP %o 10

carbon at onsg Oft SphEy Rt §fonbl, PRAL i SysEOLendRt ga8HPaBaYl Bhehyl10 gyl bon
atons , with the proviso that R65 or R66 and R6' or R6 may forma ring and

the ring nmayhdvenawnlagsaupi-c ring. 15 April 2002 29
15 The following compounds can be enumerated as examples

of the metallocene whose central metal M is titanium, that
i1s, titanocene:

bis(cyclopentadienyl)titanium dichloride,
bis{cyclopentadienyl)titanium dimethyl,

20 bis(cyclopentadlienyl)titanium diphenyl,
bis(cyclopentadienyl)titanium ditolyl,
bis(methylcyclopentadienyl)titanium dichloride,
bis(methylcyclopentadienyl)titanium dimethyl,
bis(methylcyclopentadienyl)titanium diphenyl,

25 bis(methylcyclopentadienyl)titanium ditolyl,
bis(butylcyclopentadienyl)titanium dichloride,
bis(butylcyclopentadienyl)titanium dimethyl,
bis(butylcyclopentadienyl)titanium diphenyl,
bis(butylcyclopentadienyl)titanium ditolyl,

30 bis(pentamethylcyclopentadienyl)titanium dichloride,
bis(pentamethylcyclopentadienyl)titanium dimethyl,
bis(pentamethylcyclopentadienyl)titanium diphenyl,
bis(pentamethylcyclopentadienyl)titanium ditolyl,
(cyclopentadienyl) (pentamethylcyclopentadienyl)titanium



Illustrative exanples of the cyclic olefin having two or nore doubl e bonds
bet ween carbons include bicyclo[2.2.1] hept-2-ene derivatives 15u/Anril2008

et hyl i denebi cycl o[ 2. 2. 1] kept-2-ene, 6 5 propylidenebicycl o[ 2. 2. 1] hept - 2- ene
and 6i sopropyl i denebicycl o[ 2. 2. 1] hept - 2- exe; di cycl opent adi ene;
tetracyclo[4.4.0.12~5.1" ~l 0] _3-dodecene derivatives such as 8

et hyli denetetracycl g[4.4.0.1Z~5.1".10]-3_dodecene, 8-nl0

propyl i denet 8CRYES€ 4. 0. 1~~5. 1' ~1] - 3- dodecene and 8

i sopropyl i depeietcpentilerdyl famé@hg1cybl taBriiPof cene:
pent acycl o [Qth:@ 5.1.13 66@ C{a(lpel.1 %IS 13§] cf. 4@10-%ent ad’écadiggrrﬁie}m.;él O
t hese, di cycddperhydi.edecyalopentadbenybdcause it is i nexpensive and easy

to acquire. 15 The ald ocene catalyst he .Zi egl er. catal yst used as a
hydr ogenat i osqugt &"&?trhyaﬁcé{ cggo%%l\l/ aé\#@%@@%‘%@ﬁ‘i&l&%@&%‘%ﬂo@& In the
present igvenicyelopent sl ey D) Hdh 0aNeehelcgtlaped tdBr diipl | €Dt ARRGHM ON 'S

used in the hydrogenation 20 reaction. Even I1f the solvent is an aromatic
hydr ocar bon, dd#oy¥ilhe pol yner can be sel ectively hydrogenated. The

tenperature-, hydrgge ess | | f; o f (o] atjon
reaction of the ad ?t?8%S%Bpgﬁ§#§%ﬂﬁ%§&%%£gg%é#gﬁag&tgggﬁgﬁ%ﬁégﬁgx%%getypes
of nmononers pig (2ydlvpergaitieyl red tayitmudephienyaddirid on

copol ynmeri zation. Generally speakin the tenperature is 0 to 200 C,

preferably 2§1F6cﬂﬁigpQHﬁ?qﬁRﬂ¥bbﬁgE?%§§ErQiﬁglgﬂiQF?:Rﬁ?#&ﬁ?%%@}Y
preferabyy 1P§:Qf3%bli@f hfdFau s R d¢ 4PECLLPALE VIR Y Syl ddP ﬂaﬁl&%rﬁ%%

The degree of hydrogenation of the ‘copplyner (hydrodgenation rate
doubl e bondshe¥ewbdighcadiuns)tys 98 % or nore, preferably 99 % or nore,

nore preferably 99 %_or re, en_t he.deagree of hydrogenation is | ower
than 98 % ther mal Tgfaﬁf“ﬂ Bgc%&smleﬁ?d‘ﬂﬁ%&n?ntcaatr%lﬁ &ﬂ“&ﬁ%‘f‘?%ﬁ mays
April 2002 3Per@eteriineduascordiig tonetofpdBhhierDEdt 1enhsedvapiagepes!y.
(ring-opened polymer) In the present invention, a cyclic olefin ring-opened

5 pol yner i sifr BEAEednbPnr ARGUBEATNGOpoltPmdPizMod & Prafieraltler idP i nte
hydrocarjion ggtvepi; d n ddie S EseHEeeRl EKE&H@ YA FUMIF Lo PhReCYC! I C
ol efin ring-opened pol yner produced 1n the present 1nvention s a pol yner
havi ng t he dpobymelrdzeas lvet wesrtilorwaspshemopened i n t he norbor nene

siel eton of @ oyol g ool SLiR '8 98- 850 RSN S BALYSEY ud SRASHTESHSY
catalyst component is preferably used in combination with
an organo lithium compound to improve its catalytic activity.

20 The organo lithium compound is a compound having a lithium
atom bonded to a hydrocarbon group. Illustrative examples
of the organo lithium compound include monolithium compounds
such as methyl lithium, ethyl lithium, propyl lithium,
isopropyl lithium, butyl lithium, sec-butyl lithium,

25 tert-butyl lithium, pentyl lithium, phenyl lithium and
benzyl lithium; and dilithium compounds such as 1,4-
dilithiobutane, 1,5-dilithiopentane and 1,2-
dilithilodiphenylethane. Of these, methyl 1lithium, butyl
lithium, sec-butyl lithium and tert-butyl 1lithium are

30 particularly preferable because they are easy to acquire.

As for the ratio of the organo lithium compound to the
metallocene catalyst component, the organo lithium compound
1s used in an amount of 1.0 to 20 moles, preferably 1.5 to

10 moles, per mole of the metallocene catalyst component.



15 19 19 ( ;0 20 wherein n, m p and RL to Ra are the sane as defined in
the formula (1). The cyclic olefin, the netathesis catal yst $cApnic2002

ri ng- opened polynmer are as have al ready been descri bed above . The
hydrocar bon sol vent used herein is the sajg as that used 25 in the addition
copol yneriz~tion reaction. The tenperature and tine of the polynerization
reaction nay be determ ned according to the types of nononers and cat al yst
used in the Theguepof hgep@tgmilzldthhm c@mmuid fnspee lsmag,1 ah_mantity
tenperature |s rab 30 100C, and the reactlon

0.to 150C, pre I
SRl o SobRsgaL Sn B mBERAIER R SanAlySt SRptami <) adeo
present i nveptiFgnciwntae Qrhmghrpdlgjxﬁﬁ)ﬁﬂiﬂtﬂ@h%iﬁ%daigﬁdb&n%a@d&iﬂﬂﬁn' ng
pol ymeri zati on reaction ril 2002 31 inevit y contai ns doubl e

bonds betmeeﬁnc§h90@§hQ¥tﬂﬂﬂixﬁ#kﬁl@ﬂecafatygt°§§B@@tédﬁhiumtdqmgpmn@
consi st 4 0f 2y 8! ghlggencoRa ANy 337 alal SIS i added fo the

sol uti on “obt ar'né r|n -openi g “pol yierizati on

hydrogenatlodoeihﬁohymmpxﬂvﬁegbxquﬂEZahaenarb@@&&ﬁﬂtyfﬁﬂdﬂﬁaké%
represented by the follow ng general formula (Xvl): 10 65 66 ( ~I ) 68 15
wherein n, nPEﬁ&f6QQ§§QHN9é%9EBQﬂg¥mﬁFﬁéﬂt?ﬁntﬁéfﬁﬁéﬂéthMﬂﬂQFRYI°9t and

R' to R68 are the §ﬁ€em§'taiufofc%r &@gﬁcar LY B "Gl egen

atom aromatic hydrocarbon group aV|ng on atons or satura ed
al i phati ¢ hyadrmsatbeah ajrkm}:nmmeg:aﬂ.]tcméﬁe w«baoqallna:a a hiydrdgematiion so

that R65 20 or nd fo r t he ring may have an
aromati ¢%i nﬁatgﬁgtaﬁ fungtdon 8”3&% 5@{ d:a ﬂog&%é?a%a‘l'hl%q %ﬂ anqg or
use as a hydieggaiah ompula/st are as have already been described above.
The conditions of the hydrogenation 25 reaction are exactly the sane as

those of a hydrogeBheiform efcaipslyre T ¢@ bg subliantied §o abydrpaenatididon

reaction. reaction is not particularly limited and may be either

isolated or in the form of a solution after a polymerization
15 reaction. However, in the former case, the polymer must be
dissolved in a solvent again. Therefore, the latter is

preferable from an industrial point of view.

(metathesis catalyst component)

20 The metathesis catalyst component used in the present
invention 1s the compound of the transition metal of the
groups 3 to 8 of the periodic table, as exemplified by the
halides, oxyhalides, alkoxyhalldes, alkoxides, carboxylates,
(oxy)acetylacetonates, carbonyl complexes, acetonltrile

25 complexes, hydride complexes of the transition metals and
derivatives thereof. Of these, titanium, vanadium,
molybdenum, tungsten and rhenium compounds are preferable
from the viewpoint of high activity. Specific examples of
the metathesis catalyst component include titanium

30 trichloride, titanium tetrachloride, titanium tetrabromide,
vanadium tetrachloride, vanadium oxytrichloride, vanadium
oxytribromide, tungsten hexachloride, tungsten
tetrachloride, tungsten dichloride, tungsten hexabromide,

tungsten diiodide, tungsten dioxide, tungsten trioxide,



(renoval of catalyst) In the present invention, at |east one conpound 30
sel ected fromthe group consisting of an a-oxyacid and ~-oxyd&iApril200&g one
hydr oxyl group and one carboxyl group in the nolecul e and derivatives

obtai ned by substituting the hydroxyl gr@ep thereof by an al koxyl group is
added to the solution of a reaction product after the production of a 15

April 2002 32 cgcl ic olefi nuglol ner to decomloose and inactivate the
cat al yst andt¥HAQFEL pmgnd L8t epiMPlXBARBRENPENTRE

sel ected frqpeiPEaghamP tE2RHI 1¥E Ofmd 1o @e RN 284 Brofm1 @Y 2 @qg
derivatives theﬁo? ?iﬁl which OH 5 grcl)ttljpi?% substitufgg' a%)? 310% Xy ngurné)up S
repr esent ed ddodbdéol moliybdegamertatidxidel amolybdeRum BdpxRde,O0- C C COOH (

| I ) Raa Ras_ 10 er ei is 0 or | is hydr ogen at om or, al kyl group
havi ng 1t o BOTRPEERCS: Griy | EanprntorTas, Erfacdvl el o woinbadhe. or
di ffereng anchénfuRatPianhvdneech Maium! Koky PEP¥ENRBY1aRY Fhled 1Gmfar bon
at ons, phenyl group or benzyl group. 15 Preferable exanples of the conpound

repr esent ed tyibpemidevand gthaniun |(oxy Harikeomideol iQf ddiede | &dttianiam d,

2- hydr oxybut yri cid - hydr qQx tyri o - hydroxy2- net hyl propi oni c
cci o o hyar s EalRiersipn PRLYeRdR HaGt et t e RYA, TbRELRR o

3- hydr oxy- 2, Rex2dcKioBiagl haet paradichl aEnyepr&f8saBledi phenyl gl ycol i c acid,
tropi c acid, 3-hydroxy-3-phenyl propianic acid, nethoxyacetic acid,

2- met hoxypr opi oni cTRe M@ tarhasin eatedyisihrempelgesnthe ahoveonebashpisdset i
aci d. th ol ' I [ | 5 h t ML Ci

3- hydr (?ixgbu'?@ﬁ% %I?déb@pﬁglg?lgx?% - rfag!t ﬁf/rlL I’%%? o%?%ﬂg%:{%, Xr%]?ﬁ(%)@?gce Pg
acid, 2-net hoxgambei ahumiaamd campdmet hsedprini theccatallyste ipr ef er abl e

because the boiljn olnt is _about 200 .C or.|less at 10 and the an be
easily _reno\%rii::'ﬂc'g%‘gr QYeBrSFeEiag:\li}ﬁ % rﬁ"jcﬁ]fk¥ﬁea€‘6‘F%‘éﬂTm‘;gﬂPPHEF1, Sg’ﬁ?‘
a-oxyaci ds ¢ #P{EetRy el 8lakiauke AU 1NRdbheyYE a1aheAtmchel ating effect
and render a netal conponent insoluble with ease, and glycolic acid, lactic

aci d, 2-hydroxybutEureher; dapnaddifidieomaw -hfetafdded obe cpmlzaneedthee
parti Cu!lgrl ypﬂﬁﬁgﬁfgggion :clnr’:téWi'éy %)qut:l'l?‘e3 metathesis catalyst.
Tllustrative examples of the additive include
nitrogen-containing compounds, oxygen-containing compounds,
sulfur-containing compounds and halogen-containing
compounds, as exemplified by an aliphatic tertiary amines,
20 aromatic tertiary amines, molecular oxygen, water, alcohols,
ethers, peroxides, carboxylic acids, acid anhydrides, acid
chlorides, esters, ketones, aldehydes, pyridine derivatives,
thiophene derivatives and molecular iodine. Of these,
aliphatic and aromatic tertiary amines are preferable, and
25 triethylamine, dimethylaniline, tributylamine, pyridine and
methylpyridine are particularly preferable because they
greatly improve polymerization activity.
The amount of the metathesis polymerization catalyst
component is 10° to 10! mole, preferably 10™* to 107° mole,
30 per mole of the cyclic olefin in consideration of
polymerization activity.
As for the amounts of other components, the amount of
the organic aluminum compound is 1 to 100 moles, preferably

2 to 50 moles, per mole of the metathesis catalyst component,



The anmount of the conpound represented by the above formula (I1) is
preferably deternined by the total anount of catalyst netal s 16Aprii200@ in
the reaction system That is , the conpound is preferably added in an
anount of 0 . 1 to 5 5 noles based on 1 eguivalent of the total of the
product of the nunber of noles of the transition netal catal yst conponent
and the oxidation_nunber of the_transition netal and the product of the

nunber of noP@@-5@%@u9§n§ﬁﬁn%dQFEﬁVﬁuﬁﬁcgnﬁWGh§QMﬁPtmﬂﬂ%&tdaFPﬁﬁrﬁﬁﬁﬂer
of 'a um U e 420 3 i b OEL Ol BROCHETRS: Sl bl ERBERRD

I|th|un1conpoun and the OX|dat|on nu er o I|th|un1 1) 7as require
al so pref erablom;tommﬁﬂsa:amamalmd saf £L¢ beintragt 1mhit ycamm odobe iodttianinend ,

For o1 D) R yhBanlE A8 9 Jebbe, cORRYR4 A ARRRSEOL Thubinln i BOEE
nol es, baged ;g 1961@%%& ar@féét\%uﬂ@eﬁ A tAb PEMEYELIY the fatl1¥st

nol es, preferably O to 4 noles, based on the sane standard. The conpdund
r epr esent ed dethacﬂ@@&&S(nqﬂﬂsiq#sa@vﬁmmegeanélxlcoNanatbepnman&bbi

added in a total nt o 0.1 20 t.o 10.nmoles. \Wen the_ total a of the
Sommound s enibtoaditehyerhs hdn andi  Ipa 1R VRRnL Be SO AmafLERE18h,

bel ow t he aba\eﬁtiwagﬁistﬁ@t e Pivhalliewh&h imscebalwgé:omensaait%eones
i nconpl ete di sadvant ageously. When the total anmount is 25 above the range,

on the ot her deastivaf@pothe i egtatyatpaipadivandiageisinicr eases and part or
all of t catal yst conmponents remain dissolved in the polynmer solution by
bei ng trapped by the conpound represented by the above formula (I | )

wat er and aIQa&dgnﬁrﬁnﬂtaiy$hecemppnén$advantageously As a 30 matter of
course, when the total anmount of the co ound represeni ed q%tthe above

formula ( TI wﬁﬂ&*%%ﬁ?%ﬂﬁxﬁﬁﬁa}gsF gupoPRLt HPTFPBENG

devi ates far 15%%1% SUnbhd | EYabBi1ERBAPINEE twiP!gitd s dHEELAORE: tbhe
conpound must be separated before filtered. In that case, a-waste

April 2002 3xeasttdiorosyotrmi m'lﬂgatret%u oG JEPYE GeADIiEess Zisesglemm at ed
di Sad"a”ffgg%%%gigsﬁ c%ﬁng‘i}lvatié‘ ¥ U FS Y 'Y i&? O@Jgg{.é(rr §pWi th

a catalys 1 on species to render ana t he

catal yti c actndatherotIpes icomprisd ailzieglietr ahsalgmncbmpohmtsomiaabme of
oxycarboxylic acid_ to greatlé+|nprove its reactivity. The al cohol used in

the present ERFef MyfLgeRptiPRNEeAEtEPRoh0l having 1 to 5 carbon atons .
IITustrative 10 exapyl Qiegﬁekhéa%lﬂﬁﬁ%tbémﬁbﬁ@ﬁl@s gﬁsltasqen?wamhuion

et hanol , propanol, 1sopropanol, n-butanol and isobutanol
copolymerization include vanadium compounds represented by
20 the followlng general formulae (XI) and (XII):
VO(OR'") X, (X1)
V(ORY) X, : (XII)
wherein RY” is an aliphatic hydrocarbon group having 1 to 8
carbon atoms or aromatic hydrocarbon group having 6 to 18
25 carbon atoms, a, b, ¢ and d are integers which satisfy 0 =
a<3,0=b=3,25a+b=3,0=c=4,0=4d= 4and
35c+d=a.
Specifically, the vanadium compounds linclude vanadium
(oxy)trichloride, vanadium (oxy) (ethoxy)dichloride,
30 wvanadium (oxy) (propoxy)dichloride, wanadium
(oxy) (isopropoxy)dichloride, wvanadium
(oxy) (butoxy)dichloride, vanadium
(oxy) (1isobutoxy)dichloride, vanadium

(oxy)(diethoxy)chloride, vanadium



Pol yhydri c al cohol s such as ethyl ene glycol, propylene glycol and glycerine
are preferably used. O these, ethylene glycol is particul ar|tb Aprii2002bl e
because it is inexpensive 15 and renders catal yst nmetals insoluble due to
its polar effect that at |east part of argg her hydroxyl group renains even
if it reacts with a catalyst netal to forman al coholate. The active

hydr ogen- con{ ai ni conpound is preferably a cqompound which has a boiling
poi nt greatl °HY>EgﬁéﬁPHWQQﬂﬁﬂﬁéhi?rggethgagépQéﬁt used and can be easily
separ at ed_angoRy i i e tiokyPUSI kel @b | oPaRbhalilim step of recovering the
sol vent. The conpound represented by the above formula (I1), water and

al cohol may bexwifddisedeaiaxiclthlorbdet wanaddwme (2&yftnierhowd/dée added
si mul t aneousl y. The addition, of the conpound represented hy the abov

formil a (1 1vibadifncfoxy) e Braptictdi T Yasadiiht TS Erad soptonaride ou
at 0 to 2300Grapa&lamallokyh)dHibu B8 aaDr farkah e Qloky ) ials SRSk fadr e to
the boiling point of the 30 solvent. When the reaction tenperature 1s bel ow

t he above xav@geadinm tadchleridies vweradiuny tpidsresddenhiand wasradiam

tenperature | range, a precipitate is apt to dissolve in the
pol ynmer solut?%ﬁggﬁgg%ggﬁ?ageously. The reaction tine is one mnute to 10

hours, preferably ThdSambuht 2602hedna®@itimedmpotnd mae B¥ deteri®ifed
preferably 10 mnutes to three hours . Wien the reaction time is shorter

than the abo¥@cPEA4BY FRelFeReiBHerdeation pEtiyifocedd 1s used in an
di sadvariyoageaung,%;t Jbefgheor gged hgagt,wgeﬁfwrl d-0al, LYhes pONE, 1age.

there 51s no effect and it is on te of ti'nme. Wien an actrve
hydr ogen- comal aiofjthenpreitikc od efdoeadfedtttrethel pokymend za t bon rdection
net al | ocene catal%st and hydrogenation catal yst formbonds with the

compound repfE8ERBed by the above formula (11), water and al cohol. 10 \at

will be described Redgliayheds cat 4P fuifaBlE286rABAE taDREr an
a-olefin-cyclic olefin is polynerized using isopropylidene(9-fluorenyl)
(cycl opent ad¢epglyrerdgaitdiond dehBo FRga1ys tmprs grom a combination
trityltetra( I y a_Cco- I i yl
aluninuﬁgas gﬁn%§%9¥%§$§gﬁggééﬁgggh§ %gFa %s?gggggxféﬁ%@gﬁéﬁgkﬁghgﬂﬁgitic

aci d/ wat er sPisé aorganbe abinissuh yasmpoeumnd o guanck 1 bdr 1y Idrefieamathry an
described in detail as an exanple |js a case ere after tris
acetyl aceton%?%a‘j'iﬁoﬁipf“ i %J&die%a‘f%'ﬂp?ﬂéi‘ gef‘Ff“r‘-’Qﬁ%&ﬁ‘;l 1 &rﬁqm'hYJas an

al kyl ating 28 afeRbm ERQ 0Tl Y diisob Py el umintim chaeiii@eACid/HRL er
system as an active hydrogen conmpound. (renoval of polymnerization catalyst)

It is consicdeleninumt sesauishdidmiier doueyl opluminym sesqud ahdiogdade t he
i i f ~. I ~ 4~ OL
zl rconi digl © %%ﬁfl ’?ﬁdgiéJrz?‘?rga"fiI&Pf'oi-g&& £ S5L L4 Y Himd Ak (H:L;%r}lchﬂ'%e 09, C

represents t esl c acrd gfolp and"mis an inte
a derivativethe oblka.i sopropyl i dene(9-fluorenyl) (cycl opentadi enyl) group

which is a ligand,_a hydrogen halide and th rtial_ 30 reaction praoduct of
a reaction bet \A/eenA‘P_tﬁ}j]Y?r%F PP oCRNRT AT %tf‘tlpéé?ﬁ A %rt?/v%’@r %&P@ {9 med
fromthe polysgeaigati €8 dapHows -1t ipd DhRkeE¥LARtAYL aewReyrs contai ning
triphenyl nethane is formed fromthe cationic conponent of

trityltetra(bbHeatrasivphespmpdesmiaf \#he releckres- dangrydnclude

25 oxygen-contailning electron donors such as alcohols, phenols,
ketones, aldehydes, carboxylic aclids, acld esters, acid
amides, aclid anhydrides, ethers and alkoxysilanes, amines,
nitriles, isocyanates and the like.

As for the ratio of the organic aluminum compound to

30 the vanadium compound, the organic aluminum compound is used
in an amount of 2 to 500 moles, preferably 2 to 50 moles,
more preferably 3 to 30 moles, per mole of the vanadium
compound. When the amount of the organic aluminum compound

is too small, high activity cannot be obtained while when



15 April 2002 36 while boric acid [ HB ( C6F5 ), ] is fornmed fromthe

ani oni ¢ conponent . An alkane and Al ( OLc )"( OH) 3.n [ OLA56Apnli2902ane
as above and n is an integer of 0 to 3 ] and/or a condensate thereof are
formed fromtriisobutyl alum num Generald3 speaking, 5 the gelation of the
condensate is pronoted as its degree of condensation increases. O these, a

deconpositio r C i Nl L cop si_ti.on praduct
cont ai ni ng alleg%' %&#}%Rﬁyg?r%gée&né %’lg%éef Eiégin?g?ﬁ‘%@;ﬁ‘ﬂ IPee Iqoqggp%‘?e hi ghly
i nor gani ¢ andisedatanitagdburly f r B &d1y dhec afdiolo s athe A EBHr &9 AbheR

having a |l ow polarity. Since the deconposition product of the netall ocene
and boric act@ hhe zappddum compound, dhithiakgctyendonpy figmgedolpsanate

o D1t P ShEECR 0l AT 4, EULELY. pHRNRISEPD ML co

enbraced in a deconposition product derived

whi ch i s %xi 8tmolesn per geolpiaf the, vahatdumossimpbantio skhean atlee tanesadt om a
pol ymer solution very efficiently. A trj]sobutyl alum num conpound is
particularl yObr ther a60d e e '3/?°i_%m% i'tBhSeéB‘PE%{'eﬂ%}ﬂ?sji tion product
having a hi 9Bodgaieeq -8k 1h RAJRNEEY | 00 AOE. sbBRT GhaNR, WARS \thd rddidiee the
met al | ocene deconposition product and boric acid. (renoval of hydrogenation
catal yst) Tris(teetlprgeet thetedtabyst isvleelctlvaie di shpandlagdously.

Zi egl er-based hydrggengtion catalysts, has no hydrogenatjon catal ytic
function itself aniiexAtBeReTacALPags SMAATHN SE hRlS S CpdF LA N | ¢
is reduged byylkbigeaain ddtdrEt ang PLepERabayCaATRAUNACORA W NY an

i sobutyl group. Because the conpound is alkylated, it extrenely readily 30

reacts with BFEteBAteCoNR]eYe faEhE IR cORPdeFrdnarbthenatpcqmrbent

i nvention an ctgrg LWhi rF&cggag i | e ]

hydr ocar bon-ggggggggl%?@rrgg%%so vgﬁkﬁb%%i) ecorrpao{s%]tl 0 pe%oégc tfcs?‘n51ti°n

plr eci pitat edmeb?étskALgﬂ} Fst\gzlgadé?mgnp?dmmm ,pmadggh_ede{,ihiae?f mﬂﬂd_rijitﬁmbut yl
al um-. num or I ein raced in the_deconposjtion
product as dEQEP?Eedr%%%%‘é‘.“' I—'Ib’r@?)%} ,°rsP%&ig§iH§mr og%ﬂﬁ??gﬁcr@%w%ﬂs iaf
carriedigut ghehizgBgh@IPadalvat: dUmpEiedt acetPNake t#18¥RyS varamaed

bet ween tris(acetyl acetonate)cobalt and 5 triisobutyl alunm num whereby
tris(acetyl atclstacerydiagetonate) dhrembaced. This conpound itself is very

stabl e and cg??g&?ggfﬂge%%%%ggﬁ%ﬁﬁes I c‘ggggito%cgrtgitgary car boxylic

acid. In addi onat & group covers al'um num which is
the central telalaestyllhecetdnatid)dolsabp csbaltgoedoatieyard, the conpound

casi Iy adsor BLa( PEEARYSEREEAES YL e MDY ohKkeor ofc ED8BA SaDGm
triisobyloyl ah8mieReiavoghounddhmolpyrdtyrablovevahg since lactic acid is
a stronger chelating 15 agent than acetyl acetone, it provides a conpound
havi ng a hi ghttsparatyipcetenatedaahalihppd bl s(acetysacatonane ) ad ckiedve]
by exchangi N9r8 ﬁ%&f&&l&ﬁ? ﬂ‘fé@erabla from the viewpoint of catalytic
activity.
The Ziegler catalyst suitable for a hydrogenation
25 reaction is produced from a combination of the above
transition metal compound and an organic aluminum compound.
The organic aluminum compound used 1ln the catalyst ls the
same as that described above and is particularly preferably
a trialkyl aluminum compound such as triethyl aluminum or
30 triisobutyl aluminum.
As for the quantitative relationship between the
transition metal compound and the organic aluminum compound,

the amount of the metal component of the alkyl metal compound

should be 1 to 50 moles, preferably 1 to 10 moles, per mole



tris(acetylacetonate)al um num Therefore, the by-product can be
precipitated and separated efficiently. 20 At |east sone of dSgprilc2002
substances (a derivative fromthe above

i sopropylidene(9-fluorenyl)(cycl opentadi 1) group, an organi c substance
derived froma ligand such as acetyl acetone, al kane, triphenyl net hane

derived from ityl .group; .and an_ ex s_of an_active hydrogen conpound)
25 whi ch areogo_ SnéﬁFg%ﬁ r€ﬁ$a. ﬂ%?§£288n38%83t§°&m?q r gani c
substances renain fRedrpy B 3R Yo DfmeFOVEVESE, shBg¥ctal R '£moved when

the solvent and the residual cyclic olefin or a hydrogenated conpound

t her eof are h¥dpogenatiemresactilon d¢ patapysticvlarlyetinilitedan bt mayoved
30 fromthe I sol,uti.on by filfragion_or a conmonl sed t hod such
as centrifugggiéggh9rl&sfﬁénﬁ?%§%ﬂt{?n€§ﬁtf8ﬁw P% Pe &éﬁiﬂ?(égtﬁﬁs? net al
resi due and poliimeeteaiti$nC ¢EIEIVN I 0 HdwaWwighl ih SHe:Horr "B fe, the
efficiently, the active hydrogen conpound is added to 15 April 2002 38
cause a decoRPLEMErdMIsEl& ﬂéﬁsgﬂgeghpéﬂ,a gol¥geti agatn} utTheretorde theat ed
wi th an adso e t i t paki] I imted but, it is
preferably aiélgg?%rcggy,p %%?%{I\%gﬂlc a’?/],:&gc ?v%{‘ggggg? g.n,bog]ln éttt §r$gcvejo??§' earth,
silica gel, 5 alumna, silica alumna gel, zeolite~or the |ike. The
treatment ne{hod_nay be gne conprising the steps of adding an adsorbent to
a pol yner sol G¥YPdAC SLPEAMy the resulting pol ymer solution to be nixed and
removi nged catalySngYobbhtAthQE A ddida|ikerd SPEsERTPLRTLAG I 13 eP of
forcing 10 a polyner solfution to pass through the packed phase Ebacked

col um) of anepdesehbtedl bySitihee fivstdwingpgeneraldépirmadaf r(dmh:t he pol yner
solution are al nost conpletely renoved in the previous stage, the anount of
t he adsorbent is very small in the forner nmethod while the nunber of tines
of exchangi ng 15 the packed phase and regenerating it are small in the

| atter nethod. The net hod® com@mm®d\ng R°he \stgp of forcing the pol yner
solution to pass throu » ot h®'Adsorbent is industrially
advant aggous. Wen t hg gfted®wi th an aqueous 20
solution, an acidic, (€ 50l uti on may (¢ used. O

t hese, one aqueous so p<oR”nore di fferent aqueous
sol uti ons may be used o ., alR*fiough a waste washing
solution is produced, Wast e sol uti on causes no probl em
because 25 netal conponents deriv romit he pol yner sol ution have been

al nost conpletely renoved in the previous stage.

20 wherein n is 0 or 1, m is 0 or a positive integer, p is 0
or 1, R! to R* are the same or different and are each a hydrogen
atom, halogen atom, aromatic hydrocarbon group having 6 to
10 carbon afoms or saturated or unsaturated aliphatic
hydrocarbon group having 1 to 12 carbon atoms, and R and

25 R!®, or R' and R* may form an alkylidene group, R!” or R?®,
and R* or R?** may form a ring, and the ring may have a double
bond or aromatic ring.

The followling compounds can be enumerated as examples
of the cyclic olefin represented by the above formula (I):

30 bicyclo[2.2.1]lhept-2-ene derivatives such as
bicyclo[2.2.1]lhept-2-ene(norbornene),
l-methylbicyclo[2.2.1]hept-2-ene,
6-methylbicyclo[2.2.1]hept-2-ene,
6-ethylbicyclo[2.2.1]hept~2-ene,



The total amount of a transition netal, alum numand lithiumcontained in
the cyclic olefin polynmer thus obtained is preferably 5 ppm di5 Apriis3002or e
preferably 3 ppmor less, 30 particularly preferably 2 ppmor |ess. The
amount of the transition netal is preferady 2 ppmor |less, particularly
preferably 1 ppmor |ess. The anmount of alumnumis preferably 3 ppm or

| ess, particularl r r abl p. | ess. 15 April 2002 39 (recovery
of pol ymer) 'BﬁP%HﬁVi& qXQﬁkégegp%iﬁﬁpgﬁﬁvgﬁﬁ'reanaI step fromthe

pol ymer sol ugL @8obkepy ity d 1] £23 a1 YRbp¥ebaknkesi due 5 has been renoved
by the above process . The solvent is renoved by a heating vacuum

condenser, ventetusyilbddaclald? thel Ihapt-2F¥ABepol yner can al so be recovered

by injecting.the pol # ut J i pt.o _grdinary poor solvent and
prepipitatin% gﬁaggéégiéﬁ§%}?@%n%bfyﬂgse gpeegrious addi tives such as an
anti oxi dgnt gaythgladdaebieyidm LY 2| T1veptin-pakyner obtained by the
present invention as required. Illustrative exanples of the anti oxi dant

i ncl ude 2, 6-@f PropydyAenepdia¥gihicho? ;1 1hept-2-ene,

2,2 -dioxy-3¢3;gdL=1- |+ ol | gli _ethane, tetrakis[2 15

(3. 5-di-t-but y?ghl’%?g%iiﬁ?%@ﬁ’yﬁ%ﬁé%?%l‘o? Eﬁgiglé] %F&%neaf“é

pent aer yt hri 1 yhethylbkicylcl o[ .2 di Hieput 3+ edby d a4 8 opi TAEf-eq-
tris(2,4-di-t-butyl phenyl) phosphite, 25

bi s- ( 2, 6- di -4288R§| derdyehdiviat FHIH AT abFIERFLEEH - 3i-Onds pHi-Be danenehe
like. 2QqSi ”fﬁmégﬁy?ﬂﬁ'bﬁrc‘i'oqfd' n m_lyma]r_ja_tﬁ&ifggg by the present invention
contai ns substantially nd polynerization catalyst residue and has a very
hi gh purity,5+mehhyléxdelyicdml 4roperli th-Itdecaset andspar ency, heat

resistance, Jight resistance, die]ectrig, chatacteristics and chagni cal 25
character | sti@gmaﬁhyzﬁﬁiﬁgciﬁ;%ﬁa’g@o{mI 17 %"s Yee—ean i!iﬁ?f"@&lp e % or
optical di skesusgtialas4aind 1C8TeRa Unisctne Td@fivat1#680EdChI als0 t he
present invention, there are provided a cyclic ol efin polynmer having a

total conterkrdfyalef4ndi-Oi-dn AeBandfqaiwm and |ithi umof 5 ppmor |ess,
30 a cyghic fﬂﬁ%{ﬁggggxggklgﬂwngthzﬂfgg_ gggﬁgnt of 3 ppmor |ess, and
oly a

use of these p rs as an optic mat'erial. Accorfing to the present
i ntention, a5 enebhyltrikcyecilod 4 axitehie!3~inddcenei apdcan be obt ai ned by

removi ng the, catalyst residye very effigiently froma cyclic olefin 15
April 2002 4bfﬁ%?gﬁ¥it§gpﬁéiﬂ{ﬁﬂ§%ﬂTixiiﬁé%ﬂﬁé?ﬁ%?ﬁflocene catal yst or a
hydr ogenat ede e¥sh&gcebelti.d .0QRaIS N .03 LGbABceAkATREd VA IR A A\REW aRHEoUs
hydr ogenati on sol vent by a siqBLelqggPog whi ch does not generate a waste

sol uti on cort@trpraychelsl-4-0. -dodecene,
20 8-methyltetracyclo[4.4.0.1%*°.17'°]-3-dodecene,

8-ethyltetracyclo[4.4.0.1%*°.17'*°]1-3-dodecene,
8-n-propyltetracyclo[4.4.0.1%%.17'°]1-3-dodecene,
8-isopropyltetracyclo[4.4.0.1%*%.17'°1-3-dodecene,
8-n-butyltetracyclo[4.4.0.1*%.17"*°]-3-dodecene,

25 8-isobutyltetracyclo[4.4.0.1%*%.17-°]-3-dodecene,
8-ethylidenetetracyclo[4.4.0.1%%,17''°]-3-dodecene,
8-n-propylidenetetracyclo[4.4.0.1%%,17°]1-3-dodecene and
8-isopropylidenetetracyclo[4.4.0.1%°,17'*°]1-3-dodecene;
pentacyclo[6.5.1.1%*°%,0%7.0°**]-4-pentadecene; and

30 pentacyclo[6.5.1.1°¢.0*7.0°*1-4,10-pentadecadiene.

Of these, bicyclo[2.2.1l]lhept-2-ene(norbornene)
derivatives, dicyclopentadiene and
tetracyclof{4.4.0.1%°,17'*°1-3-dodecene derivatives are

preferable because they are inexpensive and can be



5 Exanpl es The foll ow ng exanpl es are provided for the purpose of further

illustrating the present invention but are in no way to be t Z6okprils2002

limting. 10 The follow ng exanples were carried out in an inert atnosphere

such as argon or nitrogen unless ot herw seestated. Tol uene (solvent),

di cycl opent adi ene, norbornene, 8ethylidenetetracyclo[ 4. 4. 0. 12'5

.1'"1 ] -3-dodecene and triethzlinin%bmere used that were purified by
arpde

distill alti gn %t&}ﬁﬂ%ﬁﬁ oRRR ¥ PasIdshnding %%EB°HEPE|8d@nd
sopropyl i depg Oﬁ%ﬂﬂéiéﬂ%ﬂ@g&ﬁﬁ{ﬁ%h&'ﬁm fac ﬂs%ﬂgns%%e

pur chased from Scientific ) . as” a netal l ocene an

wi t hout furt eedwulidiearobn eomblnafionetofakivwg pentmdteor ophenyl ) bor at e
was purchased from Toso Akzo Co. ( Ltd. as an ionic boron conpound and used
Wi t hout further purification. Triisobutyl alum numwas purchased from Toso

Akzo Co .g, qg%cﬁx%abjgﬁiﬁobgggﬂegqlution and used w thout further 25
purification. Tris(acetylacetonate)cobalt, titaniumtetrachloride, a lactic

aci d aqueous sol ut The @REiayel}ekin2pmymerppasidided ot dtherpreseshased

from Wako Pur i cal, | Siri i.tho further
purification?ggéhﬁggéb}gnégg #%%ﬁ%cP% ?%gaggg#%ﬁgsﬁgéggﬂiégg&&egopﬁains
accor dance Wa 8ytheciold ®inm 2@ agidDgiffer DE8duniBNSiBditd EIPLrdalegclic

(Tg(CO)): neasured using the 2920 DSC of TA Instrunents Co., Ltd. at a
t enper at ure SO Pelymer sambe Flassifipddmto thergreupppécaddd thenght

. The reguyce i ' L e d ' en ol uti.on having
a conceﬁﬂ?at%gﬁéyyﬁ%éggﬁéﬂé¥§l%%aéégééﬁ%dg&éié{hféééﬁ%geﬁgéi8#§h% o@a
determ ned byindg-dyened rpplymebs]dift ay4ddonwdeinsragnethe geeapance
absorber of JEQL Ltd. concenjration _of residual qf als in fl ner :

det er mi ned by gﬁﬂasts‘?agrp% eFal tﬁﬁﬁleﬁ%: &Cq94% %dt%bgg %%(?Bn spect rum
nmeasur ed by KRruysddy using the 1760X spectroscope of Perkin El nmer Co.

Ltd. 10 ultraviolet visible absorption spectrum neasured using the U 320
spectroscope of Hitachi, Ltd., and a 1-cmcell.

15 (addition copolymer)

In the present invention an o-olefin-cyclic-olefin
copolymer is produced by addition copolymerizing an a-olefin
having 2 or more carbon atoms and a cyclic olefin in a
hydrocarbon solvent in the presence of a polymerization

20 catalyst selected from the group consisting of a metallocene
catalyst and a Ziegler catalyst.

The addition copolymer has a recurring structure

represented by the following general formula (XIII):

25

30 (XIII)

wherein n, m, p and R' to R*® are the same as defined in the



Tol uene was injected into a conpensating cell. solid 13C NVR spectrum
nmeasur ed usi ng the DSX300WB of Bruker Co., Ltd. 15 In the fol15Aprib2002
exanpl es and conparative exanples , the nunber of noles of a conpound
represented by the formula ( Il ) , the mgnber of noles of water and the
nunber of noles of an al cohol added based on 1 equivalent of the total of

the product of the n er of nples of transition netal_ conponent and 20
t he oxi dati oﬁ°ﬁﬁ%@rvgy' tPFRAR andP 13 WIRAIBD /PR IRF PYSRAGATNORITR RN C

al um num conpeydgandebhg g0 A d P fvmder of al um num (3), and the product
of the nunber of Toles of an organolithium conpound and the oxidation

nunber of |ithi umThd nolar reatioedf arke drféibel clefin dénpowedB,to the
respectively. 25 Reference Exanple 1 There was_di ssolved 0.97 g of

tris(acetyl 2RXzPbRELR) SPERPRARY A30trYy RATtIFHdAELYTAdMdFES R sol uti on

was heat ¢d tordf0r&b2Pdifl thB82r8ngel 5£=98/100th 39/90, mor ferabl
2- hydr oxy- 2-1%9t hyl progi onic acid \%\’/as added under aéi tati on.e ﬁeer gzﬁat er¥ t he

sol ution was8®(20red 2RV/BE.heated at the sane tenperature for 2 hours. The
formed precipitat S separated b iltration to_obtaipn 1.0 of an
achromatic solid mﬁrgﬁypmmﬁaegb@gmq 8‘_rT°1 %BPF’F“%B?H’E‘““’
spectrum of GdWSoR WLHs Ueled 1h) tMB8predeRt AhvdithdNA3R 1¥de a-0lefins
tris(acetylacetonate)al um num (Fig. 2) and 2-hydro met hyl propi oni¢c acid

Xy-2
( Fig . 3 ) haypgn2wePe2faf i ams %chsaﬁbﬁ'téﬂéeﬂﬁ@m%qﬂ?gur es ,

.a strongapeak. ung _ 5 ng,’le_ | vegl_ rhS= | acet onate )
al um nu%qoan a@@f-%%@ geéﬁngt%%gr'oﬁln f@g%' cﬁw'&éggyﬁv%dpgpg%@h?’dr oxy- 2
met hyl propi deptene d Hreeappear @hd rlodddenaspedff uthade | hetlhhphdne and a

strong peak based. on the carbagnyl .group of al um num bonded to
- hydr oxy- 2-HERRYH BB pRRPC PEBEP AR o AR cF R (VASVRPBES 2620 cm 1. It

was found frogn ghorez4Babnt hictidaaly |AGEHONa! R 68T AYMBAShENFII/Gd Nt O
t he 2hydroxy-2-net hyl propi onate of alum num A precipitate was al so

obt ai ned wherrlyreBamn® iy ene dmparddqusa Opetakine 0 They maly
vater | 530004 | 0l d5] 8 LG22y At (RADVL P! 0B OBk gk Used above.
€ preciprtate |

h
The i nfrared absorption spectrumo reciprt g .4 ) was the
same as that of tlrheboyelpeeoilpifiiat,e thie getiillddbensac@taXxpeti gaat thas

carried out by adding 1. of ethylene glycol .in place of the

>y oxy- 2- A RF BhY B 267 5cPH HEER 3b50BAY| BREDLASSEREDAEHEBAFFon of
a precipitate Vs diic PS8 ¥Rmpled! bf thR HYB-SRMBoEHé1¥EALCaERIged out
by adding OﬁiéLfﬁ include aliphatic hydrocarbons such as pentane,

20 hexane, heptane and octane; alicyclic hydrocarbons such as
cyclopentane, methyl cyclopentane, cyclohexane, methyl
cyclohexane and cyclooctane; and aromatic hydrocarbons such
as benzene, toluene, xylene, mesitylene and diethylbenzene.
They may be used alone or in combination of two or more. Of

25 these, aromatic hydrocarbons and allcyclic hydrocarbons are
preferable because they have hilgh solubility for catalysts
and polymers, and benzene, toluene, cyclohexane and methyl
cyclohexane are particularly preferable.

The molar ratio of the a-olefin unit to the cyclic

30 olefin unit in the copolymer can be easily controlled by
controlling the ratio of the concentrations of both monomers.
Particularly when the a-olefin is gaseous at normal
temperature like ethylene, the introduction ratio into the

polymer can be controlled by the pressure of the a-olefin.



acetic acid in place of the 2-hydroxy-2-nethyl propionic acid used above.
However, the deposition of a precipitate was not 25 observed 18tApril2002

Ref er ence Exanpl e 2 There was dissolved 1.3 g of

tris(acetylacetonate)al um numin 300 g of28ol uene. The 30 obtai ned sol ution
was heated to 100 C and 8 . 4 g of an aqueous sol ution cont aining 90 wt % of

| actic acid was ad 0 tot Iut| un on Thereafter,
the sol ution was S&F\erg m%ﬁ |a§c a@? igmteng argdfgn%ﬂi an’f)?a?t Blrs .
The forned pmagi biet At a¥iel s6@aa8E0EdRY ol itd fid Ay pes OBk amcshoméésAHﬁa'

2002 43 0.8 g of an achromatic solid powder. The infrared absorption
spectrum of cRtalystdarseditp afdihdonoeepodymeanization of Generally

obui ous. 11 one PRERATE o R Wihpordsude, §8 5 el 30l i g By o

derived 3 omgohe,r andailss i vdadt seppeamed ikr ot o speddwrg of the powder,
a strong peak based on the carbonyl group of alum numlactate was observed
at around 1,620 cm 1 instead. The infrared absorption spectrum of the

powder al nos t a %ﬁﬁ} ks based on the
groups CH3, Q&iﬁﬁ:%%%n‘ﬂ&% ﬂﬁigﬁ%ﬁ] lralgrrgapggté%g we eiém le)\;;ed at around 23
ppm 63 ppm and 18Whppm nytdiel.@pﬂxﬂﬁinnhmmg evdoyos marxk IBRNR wdndde
powder , respg gr_l vely. n:{_ound fr m above t hat

tris(acetyl ab8 Uﬁ&f‘e)c@ FadSefa BeHrPﬂt"Geatha FRBnadditiente. The
same expRy i MBBhoNghetal s MibPY BIAERIbS twaeth VarBidhd Gy A ie

pl ace of the lactic aci d aqueous sol ution used above. However, the

deposi tion oﬁddittﬂ-@@ etpalymaxs ndn WYobecase .aa hyldrogemaitiesi pamexrmli ment

Aqueous so uPERTSLSHEasy B dathdla AFEHRECRE o PR ATFSE sollrtfi Adotas
not observedtnb @tdbup Zomei et £ngeo Hxmeltall obwie cwa;m@lsa:sahueﬁl .y Do of

triisobutyl alum numin 300 g of toluene. Subsequentl 0.30 g of
tris(acetyl aE@F?FLXé‘é?t d:r?atae)%%%qha?éﬂaéﬂnt BbEPéﬁ&"é Berdr ogenati on

cat al ysty.g Th C

aqueous lssol u??gn g(h):%t% %%?Jr%i:ggghvw oﬂ%&%«#éﬁgé?&l&&s 'glgg(?%éﬂ: oq‘{/\n se to the
sol uti on undeelygetrathidasn a fﬁmeaingrstrhetg@bumemremma rb}ed:tvdnl | e

heated at th t emper at ur ho The formed precipitate was
separ at ed bygf'ﬁ'???"&ﬁ r?%e’iﬁi](e %%n_nﬁ%a V%?Va light pink solid 15 April
2002 44 powder . The infrared absorption spectrumof this powder ( Fig . 6)
was conpared with the.spectrumof tris(acetylacetonate)al um num (Fig. 2)
and the spectrum of Is(geetyl acetyl acetonate)cobalt (Fig. 7) which were
raw 5 mefgerials. As )/s obvious fromthese figures, while a peak at around
1,540 cm 1 derived fromtris(acetylacetonate) alum numand a peak at around
1,520 cm 1 derived\fromtris(acetyl acty acet onate) cobal t di sappeared from

25

wherein n, m and p are the same as defined in the formula
(1), and R* to R*® are the same or different and are each a
30 hydrogen atom, halogen atom, aromatic hydrocarbon group
having 6 to 10 carbon atoms or saturated aliphatic hydrocarbon
group having 1 to 12 carbon atoms, with the proviso that R*®
or R*® and R or R® may form a ring and the ring may have an

aromatic ring.



There were infected 186 g of dicycl opentadi ene, 1,320 g of toluene and 3.6
g of triisobutyl aluminuminto a 3 15 liter stainless steel M8ARrH2002he

i nside of the reactor was substituted with ethyl ene having nornal pressure,
119 ng of isoprene(9-fluorenyl)(cycl opentzgi enyl)zirconium dichloride and
252 nmg of trityl-tetraki s(pentafluoroborate) were added to carry out

pol yneri zation at 3Q0_C. During the 20 pol ynerization, ethylene having

normal pressure wasld¥gtmadd o sanhesg P the e¥9ldcorlafipchapingativene
was added at ,sUgRA m%};\fgnagebggggghogaigbisggl@]%ﬁ opent adi ene and

t he consunption rate of et ene were to be e supply of
et hyl ene wasbitygpped 2wzerl Hep to2sempt denivhtdvies auwi?ag eached a nol ar

anount correspondi t 9 350 f dicycl opent adi ene added (150 m nutes),

t hereby ter ﬁﬁﬁ?ﬁ&@%#&&f‘?@%z gAféB?PFré?'SBPai ®ed by di spensing a smal |
anmount ofs t hg;-gbtaH aash el did 18 Ansl. PYREH¥LBdehk | ordance with a 30
commonl y usegrrrg?%od had ady;edu[ced Vi ,suéo{s)i ty (elruiteelg (9a§6€— neasured at 30 C

ina 0. 5 %tisbprepyddidenabicytlel2538. Hlhgpand-ankg, neasured by DSC, of
155 C. The ohtai ned reactj,on solution (reactiqn_sqQluti on, s_supplied
into a 10-1i aiFYSEPSEP RP e‘é%%ﬁaecéﬁ%g?og'%g Apti | E‘%ﬁ)'\g@%%eﬁggF

tris(acetyl agstylacaveatsidiphsd tgand 4.8 g of triisobutyl alum num were
added to the reaction sol ution. Thereafte{!iﬂia7 derogenati on reaction was
atm

carried out @thylpdersdetnacesiaold of-A5173 - 3rZApdaqanes 8onobtain a 5
reactio ol yt. ' n fii.be, 1.e3Ccty 0 | O
di spenseqc?sangkggg%?&epgtte%ﬂ?;é%c%fgél éﬁbant'%f ﬁé’?ﬁ?&(ﬁe%éoﬁéprge%ar "a

measur ement $aopkepylildemstdtmeydIobdt heol VK $jedtdvdedende sndapl e
that this polérrer had ai hydr oggnat i,an r,g[,ﬁ_gbeQ.Q % or nore. The reduced

viscosity (rPSpFefyYciglfeasdred a0°309C 0-peptadegaddens -ut P&n, of

the polymer pgas@,4a1eyd-optiftadhed®afs BHePyrREE dahta Al was 151
C. Exanmple 1 15sThere vli\//as oapdded&l 32970 g ofﬁz?hyﬁr ox?— (ZBf-ene'lt%%yl g'rﬁ/oprﬁbni c acid

(fI = 2.0) ttnexpensdye endeiany dve baedadraed in Reference Exanple 4
(defined s reacti gpospluli phodnd dfta fYSETdH BAL PRLGTL 100G HOdE N c0q

agitat|0n to carry out a reactron a sane tenperature

bl ack brown &8 akpdrbgenativhn catabgsyaetre asharpalkkeadyibheers ldesaribEE
slurry was then filtered with a cylindrical filter having a dianmeter of 11
cm The filt8P°¥8ed was prepared by placing Celite on Naslon NF-05 to a

thi ckness of 5o eackReThannehc aRincous! e dHliifon Blidaidondrassure

was 4 kg/cnR 25 (gauge pressure). Filtration proceeded very snpot
obt ai ned filarpodymasrizaddoredaarcien cial ysedalnotbet hydrogeaatriomt i c

Lreateo 0 SRR JHE TESLAME JRDOAS Phnt SasahUL LR S RS Y |7
| ess, that oénly the polymer can be selectively hydrogenated.

The temperature, hydrogen pressure and reaction time
of the hydrogenation reaction of the addition copolymer may
be determlned according to the types of monomers and

25 hydrogenation catalyst used in additlon copolymerization.
Generally speaking, the temperature 1s 0 to 200°C, preferably
20 to 180°C, the hydrogen pressure is 0.1 to 200 kgf/cm?,
preferably 1 to 100 kgf/cm?, and the reaction time is 0.1 to
10 hours.

30 The degree of hydrogenation of the copolymer
(hydrogenation rate of the double bonds between carbons) 1is
98 % or more, preferably 99 % or more, more preferably 99.5 %

or more. When the degree of hydrogenation is lower than 98 %,

thermal stability becomes insufficient and discoloration



30 Bwas 0.2 ppmor less, that of Co was 0.4 ppmor less and that of A was
0.8 ppm based on the polymer. It was found fromthis that thd5AnNIRA902had
very high purity. The unreacted product and the solvent were distilled off
(flushed) fromthe treated solution to olg@i n an achromatic -15 April 2002
46 polynmer. According to the ultraviolet visible absorption spectrumof a
tol uene sol ution containing 20 w % of the obtained polyner, the solution
had a transnFefdddy @¢c8E8 ainthe Himeof meditanobding ddisadvamicrgeqrs by added
32.0 g of 2-hydroxy-2-nmethyl propionic acid and 2 . 8 g of water ( fl =2 .
0O, f2=1. 0) to the reaction solution b (defined as reaction solution
2-1 for 10 d{zdngropenieshpalymenkd by the nmet hod of Reference Exanple 4 at
100C under agitati?nmgg carr¥ ogt a regﬁtion at tfﬁ sae tegperature for 2
hours. The black brBuwHReRESFORL TR bHOBRaARYCHEE PLEG M IRG 19RPRE G 1y .
The sl urrgy 81 igl idy t 5 - 'Qmﬁﬁﬁ I ' tion
15 proceede\é\@ve?gggn%lgt I)??ﬂl‘lsihéé1 ob aiﬁ’gg ??FP?—?PZ‘%\‘I%S adsgablg%]at oé: %%1:%

al um na to obilefAnaAnaehhydndearhent edlventt ion thehereasinkmlofreaal s of
the sol ution v»gr% measure )S@IrtCP em ssion spectral analysis. As a result,
the anount ofczf 555? g £ less, that of B was 0.3 ppmor |ess, that
of 20 Co was 0.5 pPRROEyEESE GTEEfLRE1RG-Obered poZyRBP pRSAACEA 1RCthe
polymer. It was found fromthis that the polyner had very high purity. The
unr eact ed prBy¥egeninknvertion dena nodivaner gtal"]ilnéidtb@ Ao isshenfisthetwesr
treated | ug,i j f . rdiLn h

ul travi o%;t I\?lhglﬂgf‘g %égggo%gttﬁlﬁngr%gﬁu%%%@%eoﬁg%gd éo(lg%%lfjé% O?berﬁjari' ni ng
20 wt % of t handbhasnedrechyming shrusthute arepssen ted sy thama RKvh® nm
of 99 % or nore. Exanple 3 30 A |lactic acid aqueous solution conprising
28.9 g of | ag9ePeTadi forAl® (¥)y of water ( fi =2 . 0, f2 =1. 0 ) was
added to the reactionssolution b (defined as reaction solution 3-1 for

di scrim nation) obtayned by the nethod of Reference Exanple 4 at 100C under
agitation to carry oW a : /5y AD ih132002 47

15 R].'I

(XV)

20 wherein n, m, p and R' to R?*® are the same as defined in the
formula (I).

The cyclic olefin, the metathesis catalyst and the
ring-opened polymer are as have already been described above.
The hydrocarbon solvent used herein is the same as that used

25 in the addition copolymerization reaction.

The temperature and time of the polymerization reaction
may be determined according to the types of monomers and
catalyst used in the ring-opening polymerization. Generally
speaking, the temperature 1s 0 to 150°C, preferably 10 to

30 100°C, and the reaction time is 0.1 to 10 hours.

(hydrogenated polymer of ring-opened polymer)
In the present invention, since the ring-opened polymer

produced by a ring-opening polymerization reaction



at the same tenperature for 2 hours . The bl ack brown reaction sol ution
changed into a pink turbid slurry ( slurry 3-2 ) . The sl urryi5Arrik2001
filtered in the same nanner as in Exanple 1. Filtration pressure was
changed to 4 kg/cnZ (gauge 5 pressure). Fgitration proceeded very snoothly
as shown in the curve A of Fig. 8 and about 1.6 kg of the slurry could be
treated in 90 mnutes . The obtained filtrate was adsorbed to basic al um na

to obtain anidevidinhlx ¢erbapafeAoubleabonds hatiwsen carhens.sel ution 3-3
. Th i ti I i i
Loectral analyaroBoEidl Spfattetoblyett AN SGrollp) GonEELEINET

of B was 0. loffpa aretizskocémat catalygstaand a Flegisk tdwtaDfsBlivasd@ed ppm
based on the polyner. It was found fromthis that the polyner had very high

purity and t k& thResqivdden sbdaiged afkan rdngrorering pokymerizafdon
unr eact eds pr qgu r%ﬂﬂ I - htilled off (flushed) fromthe
treated gjol utg'lﬂo%tat 00 %%ﬁ]égnﬂggﬁg n%ts?:g'lot%r'ansparent pol ymer (purified
pol ynmer 3-4). The Thiel hysinagemdtedi poédymeyl hast anatesat tin g ust inast ape
observed during the 20 freatent strong absorption based, gn
tris(acetyla5§§&%ﬂ§§%94n9¥u#$§a °ﬁBPW&B§e9ﬁ&?q tHRFEER a(XBEE visiple
absorption spectrum of, a toluene sol ution containing 20 wt % of the obtai ned
pol ymer. Meanwhile, the precipitate (precipitate 3-5) was 25 anal yzed.
n -and\1, 540 cm 1 based on
tri s(acg&yl acet onat e) gohah XCet W &cet ongt e) al um num were not
observed 1 n the infrareq @ 5 MR e precipitate (Fig. 9), a
strong absorpti on based|oNRra} % 553 wJETR A peak 30 based on a
| actate was observed at|ar/g €50 9 ppm () CH ) (EWRE) 180 ppm (

R weglpitate (Fig. 10). These
3 . dicobalils; and trii sobutyl al um num
whi ch Were catal yst conpgnents u ng@’quantities 15 April 2002 48
precipitated effectively as |lactafles. "Exanple 4 A solution conprising 21.7

g of lagtdc agcid and 2.9 5.9 of er (fl =1.5.. 2 =1.0) was added.to
Phe readd onWOSESAROR- (Y PRATR REF BbS 8RY 5,38 BLhprH Alie pBpoe £otmiLa
di scriminatiom)), ab@aRMeddR®t herereinwdaie Ref alENEeréxar@he 4rated8fG
under agitation to carry out a reaction at the sane tenperature for 2

hours. The bP¥EEOGEAWR tYBhcthBHOIOR B AR 0ATERARdED hudnoarhon 9EPBPd
slurry > | Uhh¥1fig%6 ko 1d Rarto ¥ ol8od BERulrkltbd £ pRat 18 HAFJBNGE as

(
i n Exanpl
group having 1 to 12 carbon atoms, with the proviso that R°®*

20 or R®* and R* or R®*® may form a ring and the ring may have an
aromatic ring.

The metallocene-catalyst and Ziegler catalyst suitable
for use as a hydrogenation catalyst are as have already been
described above. The conditions of the hydrogenation

25 reactlion are exactly the same as those of a hydrogenation

reaction following an addition copolymerization reaction.

(removal of catalyst)
In the present inventlon, at least one compound
30 selected from the group consisting of an a-oxyacid and
pf-oxyacid having one hydroxyl group and one carboxyl group
in the molecule and derivatives obtained by substituting the
hydroxyl group thereof by an alkoxyl group is added to the

solutlion of a reaction product after the production of a



1. Filtration proceeded very snoothly as shown in the curve 8 of Fi
The obtained filtrate was adsorbed to basic al um na to obtai 5P @bﬂmanatlc
treated solution (treated 15 solution 4-3). The residual netals of the
solution were neasured by I CP em ssion sp¥tral analysis. As a result, the
amount of Zr was 0.1 ppm or Iess that of B was 0.1 ppmor less , that of

Co was O . and .t hat of mbasedo the 0 It was
f ound from tﬁggT}ﬁafOlte%é e’ﬁa8°286§88@ S #}f %{%ngéﬁct ed
product and I:Bea19b\teahdﬂﬂfc€ Isitééibieatefh (cfaltuasﬂwﬁ rﬁémt%ééﬁ@ﬁﬁd
solution to obtain an achromatic f §rrer- (purified polyner 4-4). The

sublimation of tri 'E{lac‘é‘?lypﬁléégoﬁ% Pdnk Foh the araupsoasisd ing phgthee
t t t . t | t te
uns ot obsels SRR e Rn ALt o E@ 8ty B AP S i B

t ol uene %ol ugrmpcmtmhstgtﬁ@em byohlkbgydbgabapdiporgpresenbedspy Uthen
had a transmttance at 500 nmof 99 % or m)re Meanwhi |l e, the precipitate
(preci pi t at e£2159Wiag genaral ARrmyha| £13)peak at around |, 620 cm 1 based
on tris ( acetylacetonate ) cobalt and a peak at around 1, 640 cm 1l based
on tris(acetyl acetonate)al um num p®r £ riy observed in the infrared
absorption spectrum of the, preC| pil t tel a\ strong absorption based on a

| actate was observed at aROum@®-t; QH 2002 49 (&N instead. These
results show that tris(acetyl acetgsn tg%). alt and triisobutyl alum num

whi ch ware catal yst conponents useéd I-a% ge quantities, precipitated as
lactates effectively. 5 Exanple 5 A solution conprising 28.9 g of lactic
acid and 2. owhesein-gt ds (f o= b, ®” szs—alhmylrﬂsgna@m tor tad&kylegnoum

solution b ( d,a a S l!{%l iasc hm 3 ipen) 10

obt ai ned by ?ﬁéiﬂmét %o?]o 5 EE g’?’enge %&4& g er agﬂ 1i%eto
carry out a s&ﬁét¢ﬁrﬂﬁfféhensaﬂ‘ﬁdt&m§%a¢bhl’£ H}Odlraghﬂwiﬁom Taxxyl agfodiy own
reaction solution changed intQ a pink turbid slurry. The slurry was then

filtered i n PABIRGNL §RnReCaFDM 35RMPI PRENEL| GERUR, QL) PEREIde RANE: 15
smoot hl jgas in Exapphpetapid é‘xéh*ﬂb@téf“\ﬁfe ek rngeﬁgﬁtt@ﬁaﬁAg”a{é‘l s

of the soI uti on were neasured em ssion spectral analysis
result, the aboveat fot'rnZﬂ-awe(siID) Sllptphm@ QbYSOlﬂ-h!atacdfd B et 18 Aaqipin or

| oss. that of £9arayhetyRam A ANt RlaMl VROl PR eSS op e

The unr eact ezl-pé bRyt proapd onfics sm:h:h/dantzM&rdxyt—&l—h&&l@hfbdﬁjﬂmeiﬁidi omthe
treated solution to obtain an _achromatic yner. .The sublimtion of

tris(acetyl atehBARPEY aPumetR Rt Fote o%%gﬁvea -BYATREYri%e 4 eat ment . A

2 L;gp 8e%*é|5gr&ixh99h§§1%%&@ ge1lr,| maaeRhlAaehNaENHY PP IS HQlc14,
tropic acid, 3-hydroxy-3-phenylpropionic acid,

methoxyacetic aclid, 2-methoxypropionic acid, 3-
methoxypropionic aclid and a-methoxyphenylacetic acid.
Of these, glycolic acid, lactic acld, 2-hydroxybutyric
25 acid, 3-hydroxybutyric acid, 2-hydroxy-2-methylpropionic
acid, methoxyacetic acid, 2-methoxypropionic acid and 3-
methoxyproplonic acid are preferable because the boiling
point 1s about 200°C or less at 10 mmHg and they can be easily
removed in the step of distilling off the solvent. Further,
30 oa-oxyaclds are more preferable because they have a great
chelating effect and render a metal component insoluble with
ease, and glycolic acid, lactic acid, 2-hydroxybutyric acid
and 2-hydroxy-2-methylpropionic acid are particularly

preferable.



the ultraviolet visible absorption spectrumof a toluene solution

contai ning 20 wt % of the obtained pol ymer. Meanwhile, the prd&iApnla2082as
anal yzed. No absorption based on acetyl acetonate but a strong absorption 30
based on a | actate was observed in the in%rared absorption spectrum of the
precipitate. These results show that tris(acetyl acetonate)cobalt and
triisobutyl alum num which were catal yst conponents used in |arge
guantities, precipiTls camagntaofattbs ez‘dlmmindallyepreﬂénﬁpdi by2@t2 FAbove

Exanmple 6 A spluti risin of ctic,acid g of water and
3.5 g of et hﬁD g‘?yggﬂ) g p%f%@ragcf]ﬁ A%?)rm*%ed ngthG fFokad SRt o
the reaction o%pldawiwt(méeaweeoa%a&a@at HaN tHel l:tfda%i%n’l dy¥tem. That

di scrimination) obtained by the method of Reference Exanple 4 at 100C under

?gl that i Oln t 0 ot roheogompEHL t |icmp;1efter:@wmdtd@qoémaaurenountt2)oﬂdwk tdlhe
1
i orry) The &l dirifeedfadn of 1 SRBVAILHE & i iuriEntade) Hh8, bratnt

Filtration prdxtetﬂd@chmawrsanomblnesas‘oﬂ reHXaparsitidhemelhdi keddlyd¥ ate
was adsorbed to basic alumina to obtain an achromatic treated solution. The

resi dual rret sfoanpnent apd thePrxtdatierspuelery ofchhentsansi tions pedialal
lysis . f
anal ysi s Eﬁﬁuélfgd?%?eof@%ﬂh&gnéeg%@%% s DEPPL 4 aehsftf ar:l.ﬁﬁntinﬁ{m alas

was 0.1 ppmo ess ased on Tt yirer
found from t dampduaid tdwed pthe nexidadivar yulbelr pir alymifiue (1393t @td ahd i on

was added to a Iar(ge anpunt of net hanol, to be precipitated _ therein, 20 and

the obt alPed BFUHIQE of Ehgrupher b palasafpihe9xgane & thigmycrapound
obtain an achii{d& &k KN tRBhY MRimbelt Y qrﬁmrpiboaswfﬁé peeepserved in

the ultraviolet visible absorption spectrumof a toluene sol utlon

contai ning 20 w % dft tise adistoapm&fqmt;ﬂmerto atﬂdi aheogplounidoseledtad from
transmttance .25 at 500 nm re. Lle, .the preci |tat

anal yzed. Noq-'a S(ﬁ]b?‘f%nc%%ggatoﬁga(?etyl &k d—ihn eV\g h%lgtfxa ﬁséﬁgéf)&

based on a | ateatlconpsundseepedsen tidi bynfilnd edb6ds OFptnalaspeTyhr.unrab the
precipitate. 30 Reference Exanple 5 The flaky pol ymer obtained in Exanple 6

was di ssbPve@mapnt of watesn jtsol%é:ﬁb %% PedESed PrREe AP Wb doaPemoleife air
in the autochpyutd idh efhd AHotBe standard wifSLd Uhdt of5ahAPaiboRB921s o

to 5moles, preferably 0 to 4 moles, based on the same standard.

The compound represented by the above formula (II), water

and alcohol are preferably added in a total amount of 0.1
20 to 10 moles.

When the total amount of the compound represented by
the above formula (II), water and alcohol is below the above
range, the precipitation of the catalyst components becomes
incomplete disadvantageously. When the total amount is

25 above the range, on the other hand, the polarity of a polymer
solution increases and part or all of the catalyst components
remaln dissolved in the polymer solution by being trapped
by the compound represented by the above formula (II), water
and alcohol dissolved therein, disadvantageously. As a

30 matter of course, when the total amount of the compound
represented by the above formula (II), water and alcohol is
larger than required, the compound deviates far from its
gsolubility in the polymer solution. Therefore, the compound

must be separated before filtered. In that case, a waste



51 substituted with nitrogen gas. Then, 3.0 g of

tris(acetyl acetyl acetonate)cobalt and 4.8 g of triisobutyl alt$nAPri0ARr e
added to the solution. Thereafter, a hydrogenation reaction was carried out
at a hydrogen pressure 5 of 45 atm for 120 mnutes to obtain a reaction
solution. A small anount of the reaction solution was di spensed and
precipitated in a | arge anount of nethanol to prepare a neasurenent sanple.
It was foundSPiBileReCoPtAlRINGeBetaHSofnt harganguenthiieshls grnegmatedad a
hydr ogenati o 9 or nore . The reduced viscosity (~ep/c ) (
measured at @6%%&?33%5%%@%%% ol uene sol ution, of the polyner was 0.47 dl/g.
The Tg, neasured bwaDSEusﬂdﬂ.hetm@@ﬁ"éﬁ’erwaini:é&@idﬁ(ﬁﬁﬁdhﬂj i:éaét%(lb:uﬂhon
conprising 17.6 | actic acid and 1.8 g of Water (fl =2, f2 =1

added to thedr ﬁégﬁﬂ-gﬁts&rutqwlc}bﬁ%ﬁ’ n%‘atil-ﬁaﬁéf’gr SRecima ki aender 1

under agig at a

hour s. Tﬁ-{a nggEigr gm%ﬁgegg%l%anfso u%?%é% gﬁgégﬁ:@?égﬂg ﬁL&E %i)é ‘%‘bt
slurry. The all.aorgrcvmtebmmnefibnmzadtim o oxgprarexykic acidt O el .
Filtration pioceeded srmot g_%bas in Exanple 1. The obtained fil trate
was adsor bedtPBTB¥E; & tain an achromatic treated sol ution. The
residual netals OfTﬁQeaiebe'lO%sW QI.:P'&?&%EQSQMH @Rv@ﬁ'ti%‘noﬁsz pectral
analysis . As a result, the anount of Co was . 4 ppmor l|less and that of
Al was 0.7 pphiphgédlcoalchbopohwéng Litoes cfemhmn fatomg hi I lilvetndicive

i st &8 or PEptpredibithe ¥t PRE X SREHREAPTRF ERbe I shatio o o Hindne
30 pol yner. ghepatiblli, Msiopropfandl s (mcistivhncet anat @salbuitiahsn Was not
observed duri ngxt he treatnment . A strong absorption based on

tris(acetyl aReiBR¥EELS adcorlfasSHR dBseEbBdens ghacoltr RRAAEEERS si bl e
absorption s I g f i ned
pol ymer. Thegfﬁiéh!Aprl PQZ%%?SZ s](?) ﬂﬂéf&#ﬂ ﬂtsl'raémnsm%%t%eggégat t@%&%éa

99 % or m)r egl¥bahwbs Imrtmmmymr@ferwaieahat:gusd itd sabeesqpenenldmsed

'n The oA SPOR SARARTR CaT 0 BB LRt SRECRIER o8 LS LA AR

show that t rtﬁéacatylaagtom&e:) @foaiﬂoﬂwrtmyaﬁewnybrahpwamwlmrv\er e
cat al yst corTonent s used in |arge ag:uantl ties, precipitated as |actates

ef f ecti vel y. 150l ReFepense Wisthme € apest meteli ipefoem gpoadcsholate.
nor bornene, gy, gBQcE%&?Fi tglF a%n“t“a% iRG. éoﬁgbhﬁh”‘ige QM Pl

al um noxane Into a tocl ave e ar e aut cI ave wa
substi t ut ed MBOh;lﬂewhiah h@smal q;rielsisw epahott geeatiypdésfemrendd fudnh 4

atm of nd. 44 m. of .a 2M noxan solu on cont ai.ni

ot soniu Faa oo tne. sPatBnt crdd e LorBnbe) SrPaIY, SRR B A ar
added to carpurgﬂleaounebh&auemwﬂoxs&& thei Bgepherpekyovieridld @he 3 atm
of ethyl ene was sugpl ied 20 continuously to obtain a reaction solution. The

obt ai ned et h??%ﬁén or bornene copol ynmer had a Tg of 182 C and a reduced

viscosity of 1.23 h4doBilobll FRpddleifiid Oy OkndosBELECEB AL (1) he

copol yner was 57 l'acti ¢ aci'd solution conprising
of lactic acwatendarsd alg:crlfolmlaair bef added. mndéﬁenden(t)lywaeratkdeobn motdee
reactiongSol it PR QPLaL"BY LAY YianifeREPRLEy0 at 100C under
The addition of the compound represented by the above
formula (II), water and alcohol to the polymer solution 1s
carried out at 0 to 200°C, preferably 10 to 180°C, more
preferably normal temperature to the boiling poinf of the
30 solvent. When the reaction temperature is below the above
range, the reactlon does not fully proceed while when the
temperature is above the range, a precipitate is apt to
dissolve in the polymer solution disadvantageously.

The reaction time is one minute to 10 hours, preferably



agitation to carry out a reaction at the sane tenperature 30 for 2 hours .
The light yellow reaction solution changed into a |ight yell IR Arpil£082
slurry. The slurry was then filtered in the same nmanner as in Exanple 1.
Filtration proceeded very snoothly as ingssxanple 1. The obtained filtrate
was adsorbed to basic alumna to obtain an achromatic treated sol ution.

15 April 2002 53 The residual metals of the solution were neasured by |CP
em ssi on speEival miRytes o Adve haurs, merepsefierablyr lfasinuteprier

| ess and th 2. 0 s found .from
this that tﬁ%h%%ﬁﬂr?er ad @he%qbgﬁﬁeg%%?‘f‘ﬁ&r%%%%?\gg‘aﬁ’r gﬁﬁ&b%"rﬁ t he
sol vent wer erangéi [imsireattibnusdes hoftr pullipricasid@disaivantadaoudiyi N an
achromatic pol ymer. According to the ultraviolet visible absorption

spect rum of #REBItRAFAFIAD T IWhilS APRGSFOLRED, BRe 1ROV IRANRRL Jdiefter
the sol ugi o bagoaekaRETaPNGe 10 1508 WEREL 99 fage rore. Neanwnile,

the precipitate was anal yzed. A peak bdse a |l actate was observed in the
infrared absorpti ddhepegnraatbyetimpdpogenpcoatainingConmpratnd d Hatqed 1 A

| uti ' 115.4 f. lacti i d d.11.6 f t fl =8,
19 24 vactathh patEnery s e drebar iarenBuSatalym (a sol uti on
7-1 for di S%%&aeéhaaloabwt%qu £d¥n "Bohas witRetpcerehpoR®! € 4 at

100 C under 20 agitation to carry out a reaction at the sane tenperature
for 2 hours regheséhield byowher @doverf amuta ohI Ehangaternanda ajmobhedl .y

turbid piynk sl urry.. The rsat ur | I_c acid aqueoys sol ution was
phase- sgbar a‘?’é%.é wvl:lhlt'el tﬁgﬁ#%@g%ﬁaﬂaﬁlﬁjg{(ﬂe&aﬁﬁﬁ 7B ’Wé@’tf%ﬁﬁvaa"ﬁ%m%[%e
slurry, and dfeetohHepeodemassyomc fdldL18d1ENpLNIMERIR BRI AS | N
Exanple 1. Filtration proceeded very snoothly. Tﬁe obtained filtrate was

adsor bed t o bEPECRYLHARRS(§ -dHoneniil hcterrhepentadiepyld slmaomiumne

resi dual rTEtdliéhPf)riFg as! ekl 1Wiemhdreasur ed by 1 CP enission spectral
analysis . As a result , the anmount 30 of Zr was 5 ppm that of B was 8 ppm

or |ess, thatrbtylbetma (pentphlmordopdengntl) hdnatefadlavwae-8atpiysitasad on

t he pol r..Thys h i of _the_po r s not _so high. Th

unr egct ége pr%’ﬁ%#?ogﬂgdy?hgggﬂﬁ'égﬁlt aﬁe?gpa#'égﬁﬁf:ﬁgo??ef‘%l'ughgdfa‘;Fg'Pﬁsttﬁe
treated sol WrénréMov8lauBiag aghadtievadmd wikter sStéR’ak 380Ack4ve
Conpar ative Exanple 2 A lactic acid aclueous solution conprising 0.75 g of

|l actic aci d hFregen compeungd: eWhat willpalsgsbe doserpbedpbn defmihaded 5

to the react] td d(ad.ﬁaf' | | - K

di scri m nat i%‘ﬁ%’%gdt%jiéngg %y t ehfr%gfqﬁg%ffﬁf%é%?(eén%lé %ﬁ%ﬁgﬁgggt) chS&tunder
agitation tdsdhydragenatedastingn tatlidubutnt dlomplorun wese ahoalRyhetisg. The
obtai ned.reaction splution_cenmai ned_brown. . The, slurr then filtered. 10
Hovvever,c‘jofi 1SR bngbﬁﬁscsgf‘;y%i%f Pc IR t‘h%i??l?r‘g?ﬁgi?i Ff:g'l‘iéﬁ’r?itr?é:d

br own. system as an active hydrogen compound.

(removal of polymerization catalyst)
It is considered that the reaction product of a reaction
25 Dbetween the zirconium of the metallocene and lactic
acid/water [Zr(OLc),(OH),,: OLc represents the residual
lactic acid group and m is an integer of 0 to 4], a derivative
from an 1lsopropylidene(9-~fluorenyl) (cyclopentadienyl)
group which is a ligand, a hydrogen halide and the partial
30 reaction product of a reaction between the metallocene and
lactic acld and/or water are formed from the polymerization
catalyst. A triphenylmethyl compound containing triphenyl
methane 1s formed from the cationic component of

trityltetra(pentafluorophenyl)borate which is a co-catalyst,



Ref erence Exanple 7 285 g of 8-ethylidenet etracycl 0[4 4.0.12'5.1'10]-315
dodecene, 1,100 g of toluene, 4.2 g of 1-hexene, 5 g of triigtAprilaooze and
15 g of triisobutyl alumnumwere injected into a 3 liter stainless steel
reactor, and 2.8 g of titaniumtetrachl ordygle was further added to carry out
pol ymerization at -10C for 2 hours so as to obtain a solution of a 20
ring-opening polymer. A polynmer obtained by dispensing a small anmount of

t he obt ai nedwBblat bexign@qds i FHB (GeFsd 4] nlacEornadc §ram khe ety used

met hod had a Vi S£QS ) u C,in

t ol uene sol u?‘s'gﬁgﬁgg'to. ég %#‘#émgn%ﬂé %(Bfngis{@gb bJ%C}SOFgFB%@eﬁ
Exanpl e 9 Thepeverimi adtedniStgget dROMic 33cand A0E alcdngenbataiidiendds =
0.30, f2 0.20) to the reaction solution obtained in Reference Exanple 7

at 100C unde@rﬁgf?ﬁﬂﬁénfifemcﬁﬁ‘-}sﬁt?ﬂltw Alusanunn Sengralsamsnasipdrait ur e
for 2 h bi d
or 2 howrs.ifge éy&%ggop;] QENcfEacohaEnsakl! L 8NoFBABREE LA! Prd %@fé?e”ﬁ.'

slurry. he s tered Int manner —as I n
Filtration pasondedsdtﬂ.eolny inoxedsesas in Exanple 1. The obtained filtrate
was adsorbed to basic _alumna to .obt ril 2002 55 an achromatic

treated sol ution. Fh&hasg dBé’re‘fﬂf‘%‘%i‘éi‘”PﬁF ¢t PORtReP DGRt EFRRLBY . | CP
em ssion spegig aeau%s éauetréégtain&hg amuﬂﬁuaf ﬁl}aﬂ@&?g 61;5&9@3 or

| ess and that o 1 was ppm based on thé polyner. It was romb5s
this that tHaopbbyasrthand/éme Hilgte pawe thlghhy dneagedisolamd mpmtaedded

to a large anp of ethanol to.be eci ted, an heo

reci p ift e GLE FRON SAERarenThon Barad Bl RE HH ot Lo RAGRS 4 Low
achromatic fhakirpekynesinbecend mddmﬂmwéﬁayr@aeétvw khe 10
absorption spectrumof a toluene solution containing 20 wt % of the obtai ned

pol yner, thenebpiipeangaand Wﬁ#agnw%an@ée RXGoPMeNY Fmagbl %rouqumtdty,
Ref er ence Exppqle 18§f%§cpﬁ: b akh Ry ééh i‘éa'taa%&?ﬁkeu?e arly

di ssol ved in uene intro o an autoclave . e ai'r in
t he aut ocl aveomplétdlm t hHHowevewl, as ct&xemarémmm:mmtmtmﬂeﬂauptdsmﬂdmgen

2 um nuereradngh MerTRESCHYOR TS RFR) Sherlonp iR Ad GHIEAAS on

at a hydrogepn pi §#§dr guahtdxyat Mt fo8 s Th et €8 §epa§aft@ epledl From a
reaction solution. A polyner obtained by dispensin mal | anmount of the

obt ai ned r ecRel¥WReEoFALNEACOBNYTOBUT Pﬁfliﬁ»‘d-eintﬂlm aécgréécﬁ@@u\mtlh ad ugdmwn| y
e sneot Snpolnd, LA AIALL £ e 0Fe80nfoRoRee soay i 4o 1
nmeasur ed at B@cﬁnenaadecoﬁ;ﬁﬂm:lilmn@s@dmt ohavdhgOaShigh/ gle@néea ofy,
Compri sfflg’ 190BAGRER AR P08 o BHPERAPES 6 S L X AP EE PP LhongEaijacepey)
was added togdb6mpeagiien pRlodudt & abeedci ackkal erence Exanple 8 at 100C
under agitation to carry out a reaction at the sane
(removal of hydrogenation catalyst)
Tris(acetylacetonate)cobalt, which is one of typical
25 Ziegler-based hydrogenation catalysts, has no hydrogenation
catalytic function itself and exhibits a catalytic function
as active species when it 1s reduced by triisobutyl aluminum
and becomes a compound containing an isobutyl group.
Because the compound 1s alkylated, it extremely readily
30 reacts with the active hydrogen-containing compound used in
the present invention and becomes a decomposition product
insoluble in a hydrocarbon-based polymer solvent. The
decomposition product is precipitated together with a

decomposition product derived from trilsobutyl aluminum or



15 April 2002 56 tenperature for 2 hours . The black brown reaction
solution changed into a pink turbid slurry. The slurry was t hhApril 26022d i n
the sane manner as in Exanple 1. Filtration proceeded very snoothly as in
Exanple 1. The obtained 5 filtrate was adsprbed to basic alumna to obtain
an achromatic treated solution. The residual netals of the solution were
nmeasured by | CP em ssion spectral analysis. As a result, the anmount of Ti

Was 0 . 2 pphR¥dreirgeembragedotn dhedeermpashpipprrreduchms tdpichibad was
0.8 ppm base th r. | r
had very hig bggrei.t?Wﬁggﬁﬁrg%@ﬁ%ﬁﬁp%&&%@%&#&fﬁe%ﬁvéi@ m%e%]gc%ﬁoé:?lgﬁl ed
of f ( flusheditfabdnhillgh ttesgieathtoutes | oant aceltydiacedonate awiug sl yner.
According to the ultrayiqlet visiple absorption spectrum.of a toluene

sol ution con?ﬁ?h?ﬂgego\é\ﬁt%%eﬁn t#ﬁ%ﬁ%ﬁ&igﬁatﬁli‘la_ﬁﬁél"?% Sdition had a
transm tisancerfi s8BALYT AL udd i) Wb foby %éiéwrabbt@%e%n@l@e} fﬁal- A

process for producing a cyclic olef in polyner containing a sna nmount of
a catal yst ratumdpumds dly-poosiucsst. t [Thist gpmpoundpbt gekf ils veryg shable

olefin as a ra rraterialbi thelgres ce ofta tra si}‘i n netal t al yst
conponent sofd Igafl_ﬁogn &r Sifrﬁoén BTNty affd -8R oPgERE & O j@&l’b%und
catal yst conpgpBskyilicaakidr.ocanbadEdMa! $onéor the s¥6tiTacletionatep! ymer
wherein said cyclic olefin is represented by the following formula (1) is m

: 0 wherei n ndFeup gpverspalandngm whhbehtigethat egatrad metaloranid theto R2
h i f |
et 0y nSinfhL LR, 8 AR EF e Gul] U BLAogRRL 30 £,

aromati ¢ hydroca h caf bon ato Tt 4t e r
unsat ur at ed pdlahaty¢ Aydsotdaelsodngaonpnhpoilay hyderobardarh @b Jatets  arpd d

R1' and R18 or R19 and R2 may form an al kylidene _group ,. RlI' or Rl, and
R19 or R2 nad® RPH §aPiAY, adserbnd rt’r‘hga‘h%yi/‘ﬁ‘é%'éd‘édd6BbPedSGHﬂ‘P&51§rjtﬂfht ic

) 5 i c R ASEHE A i el usSngEqoasthyfgh BpviSAFa St
polarity. However, since lactic acid is a stronger chelating

15 agent than acetylacetone, it provides a compound having a
higher polarity [for example, Al(OLc),: Lc 1s the same as
above] by exchanging a chelate even with
tris(acetylacetonate)aluminum. Therefore, the by-product
can be precipitated and separated efficiently.

20 At least some of organic substances (a derlvative from
the above isopropylidene(9-fluorenyl)(cyclopentadienyl)
group, an organic substance derived from a ligand such as
acetylacetone, alkane, triphenylmethane derived from a
trityl group, and an excess of an active hydrogen compound)

25 which are components other than metal components and
inorganic substances remain in a polymer solution. However,
they can be removed when the solvent and the residual cyclic
olefin or a hydrogenated compound thereof are removed.

The precipitated catalyst metal residue can be removed

30 from the polymer solution by filtration or a commonly used
method such as centrifugation.

In the present invention, to remove the catalyst metal
residue and a discoloring component to the highly extent and

more efficlently, the active hydrogen compound is added to



addi ng at | east one conpound sel ected fromthe group consisting of an
a-oxyacid and (3-oxyacid having one hydroxyl group and one cat®Apsil 2¢020up
in the nol ecul e and derivatives obtained by substituting the hydroxyl group
t hereof with an al koxyl group representedsly the following fornula (I1):
R22 R2 R2~ 0-CCCOOH (I I ) R23 R25 4 wherein gis Oor 1, R is a

hydr ogen atom or al kyl group having 1 to 5 carbon atons, and R22, R23, R2~
and R25 are ©Of1S&AcA0F0RPPEditdon ARACELON2RH thendrdFeacdian selmtlian oup

having 1 tv §£AMRPN AL 0PEa amyhggra%%ﬁerp@.nzxﬂh&r X y%§8n@ ig' yiizon of

a reaction product to deconpose and inactivate the ca nmetal component
and preci pi t e tdenyicntly ldmittssdbodg bt tisapse fFerabligt adidnd cllay) awtivand
separating the precipitate by fi|Jtratigon to forma cyclic olefin polyner
cont ai ni ng a°§1?§|'l Frted garken.ydlatomagreus pagth, ppdddsa gl ai m

1, whereig thayni3ns] td001 8Bt dlumdhdl )é%_tl,cf%@&rlﬁfﬁ‘éf't'#%eﬂﬂe@” @ﬁga“i c
solvent is selected fromthe group consisting of a netallocene catalyst
co~ponent , raeatmegit methodd gtay dre oretcemprisigbetheasabpst ofoapddcnf .

15 April 2002 59 3. Th f: claim2. , wherejn the t it ] t al
of the metal PBoBMBORRERY&® CoRSmEE (A0 LETLER eck T EHERcEBPoERSBAt4RG: | ng
of zirconi umpoliiyny WBRIELER BoUBE MixEde Al Gasforing! & Baga1 VB! ¢y the

transition netal of the netathesis catal yst conponent Is selectéd fromthe
group consi sfidgrertian on the hbkeberemns gingithe isdepuef Sorciag

Componerts i < o BPAemeh FRata® el Rl HAROMBS kB phikaf flaBh, (Pooikd

ni ckel . 6.~ Todumnicesamadsbabant. Wsdheemé bal wanrowert s @eX <D Fromnd
is selected fromthe gr Otrj%) consi st ng of an al kyl _al um num conpound and
. 0

al kyl al uni néREn@LIHFFURL LYt 19ReapFotdBess camplftely Frmeyad he the
conmpound 1 eppesAiRs tdde, abryeahott! 8£( bk fm@r\,ﬁéﬂé |19 ﬁ&i:gt sfih13bout
mrHg The erein the

200C or less at 10 . 8. process of claim1, onpound
represented Bp the Eooverimeimpd while)the nyuher iof fAmespafitexth8nging 5

nol es b d 0 [ t f e. product. qf e nupber of
nol es of heg‘g e aﬁgf:?lggngﬂnég gl a@ét%?@%‘%g%%%g e}ﬁ{:1 aalg% Jb%“d%?’leoﬂaﬁg%er
of the transmeithodret #heafmd thtal prampict shiigt bReNBRY oFf FEUHENHIthbe

organi ¢ al um num conpound and the oxidation nunber of alum num (3), which

i s obtained POLYMRE SOttt PePaFschbAPYIR Hhihdrtedkhasganfcthe
al um num conpauRHeHH aldethdls frif2el QBvantagBous.

When the polymer solution is washed with an aqueous

20 solution, an acldic, neutral or basilic agqueous solution may

be used. Of these, one agqueous solution may be used or two

or more different agueous solutions may be used stepwise.

In this case, although a waste washing solution is produced,

the disposal of the waste solution causes no problem because

25 metal components derived from the polymer solution have been
almost completely removed 1n the previous stage.

The total amount of a transition metal, aluminum and
lithium contained in the cyclic olefin polymer thus obtained
is preferably 5 ppm or less, more preferably 3 ppm or less,

30 particularly preferably 2 ppm or less. The amount of the
transition metal is preferably 2 ppm or less, particularly
preferably 1 ppm or less. The amount of aluminum is
preferably 3 ppm or less, particularly preferably 1 ppm or

less.



15 April 2002 60 9 . The process of claim1l, wherein a conpound sel ected
fromthe group consisting of water and an al cohol is added i M&Aprit2602 t o
t he conpound represented by the above fornmula (11). . 10 . The process of
claim9, wherein water hs added in'" an anggnt of O to 9.9 noles based on
the sanme standard as that in claim8. 11. The process of claim9 , wherein
an al cohol is added in un anobunt of O to 5 noles based on the sanme standard
as that in claim8 ~2 . The process of claiml, Werein a reaction for
produci ng t he Gy | ef i r is an addition copolynerization
reaction bet&éen éﬁﬁﬁ?df%fﬁ%fﬂﬁé?ﬁg 2 or nore carbon atonms and a cyclic
olefin in a hydrocar podymelrvdst recovesr gl dyenacsodfren tpaemorailz atie@n from
catal yst selected fromthe group c nsistiﬁgaof a netall ocene catal yst and

Zi egl er cat aly'§ POLIMeFH & PR Tfor | Hh iRt hanerephvat Betaheragédae
addi tion £opYlaEBEsE At é£BY tRE dt?)\Fé"bE:b%l@s%th : Tﬁehy&'{egﬁeatg Q%ngg%,glr yst

sel ected fromthe group consiSting of a netallocene catal yst and
catal yst is dgdacheating watwumazbidemgeneorsn ped \erctruddr and ¢het Lake.

solution to rr ut hydrogenatiqQn. 14 The ces f claim12, wherein
the netall ocgﬁ? X’Q 9 f%&%ﬁq%ﬂ’ﬁg‘iqﬂ%tgﬁ?ﬁ‘é*éiﬁgc‘é]?%l peiymer
conponent, agd1YtIGHEB &RPEIHKaZPH ek Fdertt WHAPFLEBReUR] nY afa
conbi nati on of a netall ocene catal yst conponent and an al kyl al um noxane.

15 April 200®eparpdinthethe deet¥mer.claim 13 , wherein the netall ocene

catal ystygontai s Ganald QeANS. AR Al CATRANEN 80 rgaRald b 4ihedO -

The process of cla conpound ‘represente

formula (11) tiostheldgdlic alefiial pabymet ot dlikd bylfthapresehasbivent 268
equi val ent of the total_of the product of the_nunber of nioles of the
transition m@SafFed@ridiafks Jddptiratiyg exemBlegaciofhsumndilaridant

transition mMghaliuded® HAPHCE - Bht{ N 40RBREY 19 JHYES o1 G2 1§
aluninunlconpoung and the oxidati%n nunber&bﬁﬁhluninun1%3?£hn tﬁégproduct
of the nunbedioft-lmitasl -df , B~ @lkethyldhpbenyid makhane date trakisbar of

l'ithium(1), iCh i bt.ai ped f he transiti.on jmetal, catal yst, conponent,
or gani ¢ é%um(ﬁlhj %‘5&%&&%%}&?’2@@?‘@ E‘Pﬁ%ﬁ-é&rﬁ}% ]r%o?%oréa?%gfﬂ?F%ﬂHgyst em
17. The procgehtelersitairthil - téer &kis §3c QR GLHaL a8l metwr- £+ om t he group
consi sting of water and an al cohol is_added in addition to the conpound

represent ed BYARSYRRORY ¥IRTRPECRATE] 18718 stk Rt EIRROR YY),
wher ei n matekﬁg%ﬁﬂyygi!ghﬁwggp@ﬁ@i_gtbgtyg_a_%égﬂgﬁ2“rn ) on the same

standard as In claim 9. The process of 7, wherein an
al cohol is apeataexrybhhrzimmhtdiph@spbisenahnds thesddilm. t he sane standard as

LD LA T 00 e B PACERE ol R e BB S5, SbEhRGaent
conmponent selia¢ead ffonogohliaigsosnbseanitially Ab péipmerization catalyst
(acetylacet on g e and T & vory Kisa°euidy®) T48s excellent
properties such as transparency, heat reslstance, iight
resistance, dielectric characteristics and mechanical
25 characterilstics and can be advantageously used as an optical
material for optical dlisk substrates and camera lenses.
That is, according to the present invention, there are
provided a cyclic olefin polymer having a total content of
a transition metal, aluminum and lithium of 5 ppm or less,
30 a cyclic olefin polymer having an aluminum content of 3 ppm
or less, and use of these polymers as an optical material.
According to the present intention, a copolymer having

an extremely high purity can be obtained by removing the
catalyst reslidue very efficiently from a cyclic olefin



15 April 2002 62 21 . The process of claim1l, wherein a reaction for
producing the cyclic olefin polyner is the ring-opening pol yriérAprii2002
reaction of a cyclic olefin in a hydrocarbon solvent in the presence of ~a
nmet at hesi s catalyst. 22 . The process of 40 aim 21 , wherein after-the

ri ng-opening polynerization is carried out, a hydrogenation catal yst

sel ected fromthe group conS|stHHg of _.a netall ocene_catal yst and Ziegl er

catal yst i s BA4¥HEro SO HiRmi REAIRGD JRALREs2 pBrfAELrSsNe S otk s brPT
sol ution to 5%&&::9@ n@f@@%jlﬁi&%l@ﬂﬂé@p@igﬁéﬁs s iy Aleatfigg €1 N
the netathesis Catalyst contains a netathesis c yst conponent and an
al kyl al um nmasingda hbmogemeess hyfdmdgema 2Ron wrelnenmt blyea netmp 1 @ aesichod
cat al yst contgi B & net al | ocene cat al yst cog% nent and qrganolithium 25
The process BPHEPaFAPSAOMNTTRER2 ec%#f?(ﬁﬁﬁi g‘d’r COPYRLIRG DshAeLs -
formula @lI) is added in a total amount of 0. 2 to 10 nol es based on one

equi val ent of the total of the product of the nunber of noles of the
transition néxampdesal yst conponent and the oxidation nunber of the

transition netal, nbe f t ani c

al um num conpound gﬁg f?ngﬂg‘}&ﬂgt |%%ﬁ% n%earlre Prglna‘rﬁeerﬂj%of gﬁ? %@ of
product of thereHekeilvhstRheingf tha p&yént iiyant povl Bute a@¥ dathneRraipmber
of lithium(1l), which is obtained for the transition netal catalyst
conponent ob@ahec takem msmiddHdoki@: and al kyl |ithi um contained in a
reactiogesystem phg £Baabwi0? dduifies Werd O8FER6A! ofikUI 20 AfaGHEI N 2
conpound sel ect ed ron1t e group consi sti ng o Wat er and- an—al coho

added in add&thoapherbhsuchnnnandonaprai&mbg@nbgnlhssahﬂufrﬁiuémﬂﬁmﬁéd)

2-7. The process of claim 26 ( r water .is added in an amount of O to
9.9 nol es baE%iuBHet §Q%¥ﬁ9§ﬁ7$ﬁhﬂ ?%B?d}ﬁHEPaFHFQang@e Bie process

of claim26 gtiheiabhet tHactilo 6. foFieLF-+ N an Jaﬁnaahe%n% g&hd Mol es
based on the sanme standard as tha-t in claim?25. 2~ . The process of claim
22, \Werein thbGZhﬁéB@ﬂn@aﬂ@¥¥%PSﬁ§ éhéénﬂﬁﬁ&tpéﬁiiﬂednbxlﬂyﬂtéﬂdmﬂdaﬂland
a Zlegl 5 Ca, y f g ting of

tr~. s(agetylégétghg% G@%@?ﬂ 5Fq£§%36£ %ﬁg oﬁggg)ﬁ%?§ ﬁ 30. The

process of claln11IsubebpyniGEMQﬂ9bmaqﬂrﬁn¥nlemfclspéntadieﬂylohe obt ai ned
reaction solution is either ught ipnto contact _w th an _adsorbent or

(2) washed \M"%ﬁcaﬂi&ﬂi‘u%ﬁglg&’ﬂﬁ ¥AS BHYCBRSRFY F‘f§°F“e§8P|19!~‘rrs§P3-§Ht“1f§°

removed. 31.cdhe peaceas %fMHﬁﬂﬂmdbeﬂ@“ﬁﬁﬁrhéa& #Y€hbatOkarthR ol ymer
contains a transition nmetal, alumnumand lithiumin an total amount of 4
ppm or | ess. P@Qiftnetppucess of claim1, wherein the transition netal
catal ys oconponent.,, |

alkylalén1noxane as %59%?g%%#b%§%3%%ﬁﬁ§#¥?%rfﬁﬁgﬁgfgﬁﬁsgg%gﬁ%ﬁnent isin
an anount ofpn’iﬁchasaa £06m s pkizonObe, ditd hasmahal dbe e at abmpiound

conponent . ril 2
P an éged w%%%out further purification.

Triisobutyl aluminum was purchased from Toso Akzo Co.,

Ltd. as a 2-M toluene solution and used without further
25 purification.
Tris(acetylacetonate)cobalt, titanium tetrachloride,
a lactic acid aqueous solution and 2-hydroxy-2-
methylpropionic acid were purchased from Wako Pure Chemical
Industries, Ltd. and used without further purification.
30 Measurement ltems in the examples were measured in
accordance with the following methods.
glass transition temperature (Tg(°C)): measured using the
2920 DSC of TA Instruments Co., Ltd. at a temperature

elevation rate of 20°C/min.



64 33. The process of claim1, wherein the transition netal catalyst
conponent is a netathesis catalyst conponent and the organi c 1& AprilrR062
conpound catal yst conmponent is in an anount of 1 to 100 nole per nole of
the netat hesis catal yst conponent. 34. Thglprocess of claim1l, wherein the
transition netal catalyst corrponent i s vanadi um cat al yst conponent and the

organi ¢ al um num conpound catal yst conponent is in an anount of 2 to 500

mol e per nol Bodpcupar, yedghtm @é%ryév%ﬁéﬁémsity M/ (dl/g) at 30°C
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aluminum lactate were observed at around 23 ppm, 63 ppm and
180 ppm in the spectrum measured by solid >’C-NMR of the powder,
respectively. It was found from above that
tris(acetylacetonate)aluminum was changed into an aluminum
15 lactate.

The same experiment was carried out by adding 1.3 g of
ethylene glycol in place of the lactic acid aqueous solution
used above. However, the deposition of a precipitate was not
observed at all.

20 The same experiment was carried out by adding 0.4 g of
acetic acild in place of the lactic aclid agqueous solution used-

above. However, the deposition of a precipltate was not

observed at all.

25 Reference Example 3
There was dissolved 0.8 g of triisobutyl aluminum in

300 g of toluene. Subsequently, 0.30 g of
tris(acetylacetylacetonate)cobalt was added to prepare a
hydrogenation catalyst. The obtained solution was heated to

30 100°C and 8.4 g of an agqueous solution contailning 90 wt% of
lactic acid was added dropwise to the solution under agitation.
Thereafter, the solutlon was stirred while heated at the same
temperature for 2 hours. The formed precipitate was

separated by filtration to obtain 1.9 g of a 1light pink solid
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Reference Example 4

There were injected 186 g of dicyclopentadiene, 1,320
g of toluene and 3.6 g of trilsobutyl aluminum into a 3-
15 1liter stainless steel reactor. The 1nside of the reactor was
substituted with ethylene having normal pressure, 119 mg of
isoprene(9-fluorenyl) (cyclopentadlienyl)zirconium
dichloride and 252 mg of trityl-tetrakis(pentafluorcborate)
were added to carry out polymerization at 30°C. During the
20 polymerization, ethylene having normal pressure was supplied
contlnuously, and 163 g of dicyclopentadiene was added at
such a speed that the addition rate of dicyclopentadiene and
the consumption rate of ethylene were to be 42:58. The supply
of ethylene was stopped when the consumption of ethylene
25 reached a molar amount correspondling to 350 g of
dicyclopentadiene added (150 minutes), thereby terminating
the reaction.
A polymer obtained by dispensing a small amount of the
obtained solution and purlfying it in accordance with a
30 commonly used method had a reduced viscosity (n,,/c), measured
at 30°C in a 0.5 % toluene solution, of 0.58 dl/g and a Tyg,
measured by DSC, of 155°C.
The obtained reaction solution (reaction solution a)

was supplied into a 10-liter autoclave by pressure and 3.0
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spectrum of the sample that this polymer had a hydrogenation
rate of 99.9 % or more. The reduced viscosity (nwlc),
10 measured at 30°C in a 0.5 ¥ toluene solution, of the polymer
was 0.45 dl/g. The Tg, measured by DSC, of the polymer was

151°cC.

Example 1
15 There was added 32.0 g of 2-hydroxy-2-methylpropionic
aclid (£, = 2.0) to the reaction solution b obtained in
Reference Example 4 (defined as reaction solution 1-1 for
discrimination) at 100°C under agitation to carry out a
reaction at the same temperature for 2 hours. The black brown
20 reaction solution changed into a pink turbid slurry. The
slurry was then filtered with a cylindrical filter having
a diameter of 11 cm. The filter used was prepared by placing
Celite on Naslon NF-05 to a thickness of 5 cm and a flannel
fabric over the Celite. Filtration pressure was 4 kg/cm®
25 (gauge pressure). Filltration proceeded very smoothly. The
obtained filtrate was adsorbed to basic alumina to obtain
an achromatic treated solution. The residual metals of the
solution were measured by ICP emission spectral analysis.
As a result, the amount of Zr was 0.1 ppm or less, that of
30 B was 0.2 ppm or less, that of Co was 0.4 ppm or less and
that of Al was 0.8 ppm based on the polymer. It was found
from this that the polymer had very high purity. The
unreacted product and the solvent were distilled off

(flushed) from the treated solution to obtain an achromatic
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~>~?~M-P~~A~Xd1d and 2.8 g of water (£, = 2.0, £, = 1.0) to the reaction
solution b (defined as reaction solution 2-1 for
10 discrimination) obtained by the method of Reference Example
4 at 100°C under agitation to carry out a reaction at the
same temperature for 2 hours. The black brown reaction
solution changed into a pink turbid slurry. The slurry was
then filtered in the same manner as in Example 1. Filtration
15 proceeded very smoothly. The obtained filtrate was adsorbed
to basic alumina to obtain an achromatic treated solution.
The residual metals of the solutlion were measured by ICP
emlssion spectral analysis. As a result, the amount of Zr
was 0.1 ppm or less, that of B was 0.3 ppm or less, that of
20 Co was 0.5 ppm or less and that of Al was 1.2 ppm based on
the polymer. It was found from this that the polymer had very
high purity. The unreacted product and the solvent were
distilled off (flushed) from the treated solution to obtain
an achromatlc polymer. According to the ultraviolet visible
25 absorption spectrum of a toluene solution containing 20 wt#%
of the obtained polymer, the solution had a transmittance

at 500 nm of 99 % or more.

Example 3

30 A lactic aclid aqueous solution comprising 28.9 g of
lactic acid and 2.9 g of water (£, = 2.0, £, = 1.0) was added
to the reaction solution b (defined as reaction solution 3-1
for discrimination) obtained by the method of Reference

Example 4 at 100°C under agitation to carry out a reaction
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be treated in 90 minutes. The obtained filtrate was adsorbed
to basic alumina to obtain an achromatic transparent treated
solution (treated solution 3-3). The residual metals of the

10 solution were measured by ICP emission spectral analysis.
As a result, the amount of Zr was 0.1 ppm or less, that of
B was 0.1 ppm or less, that of Co was 0.3 ppm and that of
Al was 0.7 ppm based on the polymer. It was found from this
that the polymer had very high purity and that the amount

15 of Al in particular was very small. The unreacted product
and the solvent were distilled off (flushed) from the treated
solution to obtain an achromatic transparent polymer
(purified polymer 3-4). The sublimation of
tris(acetylacetonate)aluminum was not observed during the

20 treatment. A strong absorption based on
tris(acetylacetonate)aluminum was not observed in the
ultraviolet visible absorption spectrum of a toluene
solution containing 20 wt% of the obtained polymer.

Meanwhile, the precipltate (precipitate 3-5) was

25 analyzed. While absorptions at around 1,520 cm™* and 1,540
cm! based on tris(acetylacetonate)cobalt and
tris(acetylacetonate)aluminum were not observed in the
infrared absorption spectrum of the precipitate (Fig. 9),
a strong absorption based on a lactate was observed. A peak

30 based on a lactate was observed at around 23 ppm (CH,), 63
ppm (>CH-) and 180 ppm (-~COO-) in the solid '’C-NMR spectrum
of the precipitate (Fig. 10). These results show that
tris(acetylacetonate)cobalt and triisobutyl aluminum which

were catalyst components used in large quantities
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slurry was then filtered in the same manner as in Example
1. Filtration proceeded very smoothly as shown in the curve
B of Fig. 8. The obtained filltrate was adsorbed to basic
alumina to obtain an achromatic treated solution (treated

15 solution 4-3). The residual metals of the solution were
measured by ICP emisslion spectral analysis. As a result, the
amount of Zr was 0.1 ppm or less, that of B was 0.1 ppm or
less, that of Co was 0.6 ppm and that of Al was 0.9 ppm based
on the polymer. It was found from this that the polymer had

20 very high purity. The unreacted product and the solvent were
distilled off (flushed) from the treated solution to obtain
an achromatic polymer (purified polymer 4-4). The
sublimation of tris(acetylacetonate)aluminum was not
observed during the treatment. A strong absorption based on

25 tris(acetylacetonate)aluminum was not observed in the
ultraviolet wvisible absorptlion spectrum of a toluene
solution containing 20 wt% of the obtained polymer. The
solution had a transmittance at 500 nm of 99 % or more.

Meanwhile, the precipltate (precipltate 4-5) was

30 analyzed. While a peak at around 1,620 cm™ based on
tris(acetylacetonate)cobalt and a peak at around 1,640 cm™
based on tris(acetylécetona‘te)aluminum were not observed in
the infrared absorption spectrum of the precipitate, a strong

absorption based on a lactate was observed at around 1,620
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b (defined as reaction solution 5-1 for discrimination)

10 obtained by the method of Reference Example 4 at 100°C under
agltation to carry out a reaction at the same temperature
for 2 hours. The black brown reaction solution changed into
a pink turbid slurry. The slurry was then filtered in the
same manner as in Example 1. Filtration proceeded very

15 smoothly as in Example 1 and a filtrate was obtalned. The
reslidual metals of the solution were measured by ICP emission
spectral analysis. As a result, the amount of Zr was 0.3 ppm
or less, that of B was 0.4 ppm or less, that of Co was 0.8
ppm and that of Al was 2.7 ppm based on the polymer. It was

20 found from this that the polymer had very high purity. The
unreacted product and the solvent were distilled off
(£flushed) from the treated solution to obtailn an achromatic
polymer. The sublimation of tris{acetylacetonate)aluminum
was not observed during the treatment. A strong absorption

25 based on tris(acetylacetonate)aluminum was not observed in
the ultraviolet visible absorption spectrum of a toluene
solutlion containing 20 wt%¥ of the obtalned polymer.

Meanwhlle, the precipitate was analyzed. No

absorption based on acetylacetonate but a strong absorption

30 Dbased on a lactate was observed in the infrared absorption
spectrum of the precipitate. These results show that
tris(acetylacetonate)cobalt and triisobutyl aluminum, which
were catalyst components used in large quantitiles,

precipitated as lactates effectively.

10
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Reference Example 4 at 100°C under agitation to carry out
a reaction at the same temperature for 2 hours. The light
yellow reaction solution changed into a light yellow turbid
10 slurry. The slurry was then filtered in the same manner as
in Example 1. Filtration proceeded very smoothly as in
Example 1. The obtained flltrate was adsorbed to basic
alumina to obtailn an achromatic treated solution. The
residual metals of the solution were measured by ICP emission
15 spectral analysis. As a result, the amount of Zr was 0.1 ppm
or less, that of B was 0.1 ppm or less and that of Al was
0.5 ppm based on the polymer. It was found from this that
the polymer had very high purity. The treated solution was
added to a large amount of methanol to be precipitated therein,
20 and the obtained precipitate was then separated by £filtration
and dried to obtalin an achromatic flaky polymer. A strong
absorption was not observed in the ultraviolet visible
absorption spectrum of a toluene solution containing 20 wt%
of the obtained polymer, and the solution had a transmittance
25 at 500 nm of 99 % or more.

Meanwhile, the precipitate was analyzed. No
absorption based on acetylacetonate but a strong absorption
based on a lactate was observed in the infrared absorption
spectrum of the precipitate.

30
Reference Example 5

The flaky polymer obtalned in Example 6 was dissolved

in 1,320 g of toluene introduced into an autoclave. The air

in the autoclave filled with the solution was fully
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in a 0.5 % toluene solution, of the polymer was 0.47 dl/g.

The Tg, measured by DSC, of the polymer was 149°C

Example 7
15 A solution comprising 17.6 g of lactic acid and 1.8 g
of water (f, = 2, £, = 1) was added to the reaction solution
obtained in Reference Example 5 at 100°C under agltation to
carry out a reaction at the same temperature for 2 hours.
The black brown reaction solution changed into a pink turbid
20 slurry. The slurry was then filtered in the same manner as
in Example 1. Filtration proceeded very smoothly as in
Example 1. The obtained filtrate was adsorbed to basic
alumina to obtain an achromatic treated solution. The
residual metals of the solution were measured by ICP emission
25 spectral analysis. As a result, the amount of Co was 0.4 ppm
or less and that of Al was 0.7 ppm based on the polymer. It
was found from this that the polymer had very high purity.
The unreacted product and the solvent were distilled off
(flushed) from the treated solution to obtain an achromatic
30 polymer. The sublimation of tris(acetylacetonate)aluminum
was not observed during the treatment. A strong absorption
based on tris(acetylacetonate)aluminum was not observed in
the ultraviolet wvisible absorption spectrum of a toluene

solution containing 20 wt%¥ of the obtained polymer. The
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5 spectrum of the precipitate. These results show that
tris(acetylacetonate)cobalt and triisobutyl aluminum, which
were catalyst components used in large quantities,

precipitated as lactates effectively.

10 Reference Example 6
There were injected 320 g of norbornene, 1,280 g of

toluene and 44 ml of a 2M toluene solution of aluminoxane
into a 2-liter autoclave. The air in the autoclave was
substituted by ethylene at normal pressure and then

15 pressurized with 4 atm. of ethylene, and 44 ml of a 2M
aluminoxane solution containing 150 mg of
isopropylidene-(9-fluorenyl) (cyclopentadienyl)zirconium
dichloride was added to carry out polymerization at 30°C.
During the polymerization, 3 atm. of ethylene was supplied

20 continuously to obtain a reaction solution. The obtained
ethylene-norbornene copolymer had a Tg of 182° C and a reduced
viscosity of 1.23 d1/g and the molar fraction of norbornene

units in the copolymer was 57 %.

25 Example 8
A lactic acid solution comprising 31.8 g of lactic acld
and 3.2 g of water (£, =2.0, £,=1.0) was added to the reaction
solution obtained in Reference Example 6 at 100°C under
agltation to carry out a reaction at the same temperature
30 for 2hours. The light yellow reaction solution changed into
a light yellow turbid slurry. The slurry was then filtered
in the same manner as in Example 1. Filtration proceeded very
smoothly as in Example 1. The obtalned filtrate was adsorbed

to basic alumina to obtain an achromatic treated solution.
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polymer. It was found from this‘ that the polymer had very
5 high purity. The unreacted product and the solvent were

distilled off (f£lushed) from the treated solution to obtain

an achromatic polymer. According to the ultraviolet visible

absorption spectrum of a toluene solution containing 20 wt%

of the obtalned polymer, the solutlon had a transmittance

10 at 500 nm of 99 % or more.

Meanwhilile, the precipitate was analyzed. A peak based

on a lactate was observed in the infrared absorption spectrum

of the precipitate.

15 Comparative Example 1
A solution comprising 115.4 g of lactic acid and 11.6
g of water (£, = 8, £, = 4) was added to the reaction solution
b (defined as reaction solution 7-1 for discrimination)
obtained by the method of Reference Example 4 at 100° C under
20 agltation to carry out a reaction at the same temperature
for 2 hours. The black brown reaction solution changed into
a markedly turbid pink slurry. The supersaturated lactic
acid aqueous solution was phase-separated. The lactic acid
aqueous solution was removed from the slurry, and the toluene
25 phase was filtered in the same manner as in Example 1.
Filtration proceeded very smoothly. The obtained filtrate
was adsorbed to basic alumina to obtain an achromatic treated
solution. The residual metals of the solution were measured
by ICP emission spectral analysis. As a result, the amount
30 of Zr was 5 ppm, that of B was 8 ppm or less, that of Co was
15 ppm or less and that of Al was 32 ppm based on the polymer.
Thus, the purity of the polymer was not sohigh. The unreacted
product and the solvent were distilled off (flushed) from
the treated solution to obtain a light brown polymer.
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SaBuV70 A lactic acid aqueous solution comprising 0.75 g of
lactic acid and 0.2 g of water (£, = 0.05, £, = 0.05) was added
5 to the reaction solution b (defined as reaction solution 8-1
for discrimination) obtained by the method of Reference
Example 3 at 100°C under agitation to carry out a reaction
at the same temperature for 2 hours. The obtained reaction
solution remained brown. The slurry was then filtered.
10 However, filtration was very dlfficult and the filtrate still

remained brown.

Reference Example 7
285 g of 8-ethylidenetetracyclof4.4.0.1%°.17-*%]1-3-

15 dodecene, 1,100 g of toluene, 4.2 g of l-hexene, 7.5 g of
triethylamine and 15 g of triisobutyl aluminum were injected
into a 3-1iter stainless steel reactor, and 2.8 g of titanium
tetrachloride was further added to carry out polymerization
at -10°C for 2 hours so as to obtain a solution of a

20 ring-opening polymer. A polymer obtained by dispensing a
small amount of the obtained solution and purifying 1t in
accordance with a commonly used method had a reduced viscosity
(n,,/c) . measured at 30°C in a 0.5 % toluene solution, of 0.65
dl/g and a Tg, measured by DSC, of 186°C.

25

Example 9
There were added 7.8 g of lactic acid and 1.0 g of water

(£, = 0.30, £, = 0.20) to the reaction solution obtained in
Reference Example 7 at 100°C under agltation to carry out
30 a reaction at the same temperature for 2 hours. The black
brown reaction solution changed into a black turbid slurry.
The slurry was then filtered in the same manner as in Example
1. Filtratilion proceeded very smoothly as in Example 1. The

obtained filtrate was adsorbed to basic alumina to obtain
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bC 10: solution was added to a large amount of ethanol to be
precipltated, and the obtalined precipitate was then
separated by filtration and dried to obtain an achromatic
flaky polymer. According to the ultraviolet visible
10 absorption spectrum of a toluene solution containing 20 wt%
of the obtained polymer, the solution had a transmittance

at 500 nm of 99 % or more.

Reference Example 8

15 The flaky polymer obtained in Example 9 was dissolved
in 1,100 g of toluene introduced into an autoclave. The air
in the autoclave filled with the solution was fully
substituted with nitrogen gas. Then, 3.0 g of
tris(acetylacetonate)cobalt and 4.8 g of triisobutyl

20 aluminum were added to the solution to carry out a
hydrogenation reaction at a hydrogen pressure of 45 atm. for
120 minutes so as to obtain a reactlon solution. A polymer
obtained by dispensing a small amount of the obtained reaction
solution and purifying it in accordance with a commonly used

25 method had a hydrogenatilion rate of 99.9 % or more according
to its 'H-NMR spectrum. Further, the polymer had a reduced
viscosity (n,,/c), measured at 30°Cina 0.5 % toluene solution,
of 0.53 dl1/g and a Tg, measured by DSC, of 140°C.

30 Example 10
A lactic acid aqueous solution comprising 17.6 g of
lactic acld and 1.8 g of water (£, = 2.0, £, = 1.0) was added
to the reaction solution obtained in Reference Example 8 at

100° C under agitation to carry out a reaction at the same
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treated solution. The residual metals of the solution were
measured by ICP emission spectral analysis. As a result, the
amount of T1 was 0.2 ppm or less, that of Co was 0.5 ppm or
less and that of Al was 0.8 ppm based on the polymer. It was

10 found from this that the polymer had very high purity. The
unreacted product and the solvent were distilled off
(flushed) from the treated solution to obtain an achromatic
polymer. According to the ultraviolet visible absorption
spectrum of a toluene solution containing 20 wt% of the

15 obtained polymer, the solution had a transmittance at 500

nm of 99 ¥ or more.
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' () - 92AnAAB"BBBRBE¥Need for producing a cyclic olefin polymer

containing a small amount of a catalyst residue, which
comprises the steps of:

polymerizing a cyclic olefin as a raw material in the
presence of a transition metal catalyst component soluble
inanorganic solvent and an organic aluminumcompound catalyst
component in a hydrocarbon solvent to form a cyclic olefin
polymer wherein said cyclic olefin is represented by the
following formula (I)

(1)

wherein n is 0 or 1, m is 0 or a positive integer, p is
0 or 1, R to R* are the same or different and are each
a hydrogen atom, halogen atom, aromatic hydrocarbon group
having 6 to 10 carbon atoms or saturated or unsaturated
aliphatic hfdrocarbon group having 1 to 12 carbon atoms,
and R!” and R'®, or R!® and R?® may form an alkylidene group,
R!” or R'®, and R! or R?® may form a ring, and the ring may
have a double bond or aromatic ring, and

said organic aluminum catalyst component has at least one

aluminum-carbon bond in the molecule;
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alkoxyl group represented by the following formula (II):

R
f

R¥*—0—C C COOH (I1)
&

wherein q is 0 or 1, R* is a hydrogen atom or alkyl group
having 1 to $ carbon atoms, and R*?*, R*®, R*! and R?*® are the
same or different and are each a hydrogen atom, alkyl group
having 1 to 6 carbon atoms, phenyl group or benzyl group,
to asolution of areaction product to decompose and inactivate
the catalyst metal component and precipitate compounds
containing a transition metal and aluminum; and
separating theprecipitatebyfiltrationtoformacyclic
olefinpolymer containingasmall amount of acatalyst residue.

2. The process of claim 1, wherein the transition metal
catalyst component soluble in an organic solvent is selected
from the group consisting of ametallocene catalyst component,
metathesls catalyst component and Ziegler catalyst

component.
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of the metathesis catalyst component is selected from the
group consisting of titanium, molybdenum, tungsten and

rhenium.

5. The process of claim 2, wherein the transition metal
of the Ziegler catalyst component is selected from the group

consisting of vanadium, cobalt and nickel.

6. The process of claim 1, wherein the organic aluminum
compound is selected from the group consisting of an alkyl

aluminum compound and alkyl aluminoxane compound.

7. The process of claim 1, wherein the compound
represented by the above formula (II) has a boiling point
of about 200°C or less at 10 mmHg.

8. The process of claim 1, wherein the compound
represented by the above formula (II) is added in an amount
of 0.1 to 5 moles based on one equivalent of the total of
the product of the number of moles of the transition metal
catalyst component and the oxidation number of the transition
metal and the product of the number of moles of the organic
aluminum compound and the oxidation number of aluminum (3),
which is obtained for the transition metal catalyst component

and organic aluminum compound contained in a reaction system.
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10. The process of claim 9, whereln water is added in an
amount of 0 to 9.9 moles based on the same standard as that

in claim 8.

11. The process of claim 9 , wherein an alcohol is added
in an amcunt of 0 to S moles based on the same standard as

that in claim 8 .

12. The process of claim 1, wherein a reaction for producing
the cyclic olefin polymer is an addition copolymerization

reaction between an a-olefin having 2 or more carbon atoms
and a cyclic olefin in a hydrocarbon solvent in the presence

of a polymerization catalyst selected from the group

consisting of a metallocene catalyst and Ziegler catalyst.

13. The process of claim 12, wherein after the above
addition copolymerization reaction is carried out, a
hydrogenation catalyst selected from the group consisting
of a metallocene catalyst and Ziegler catalyst is added to
the obtained homogeneous polymerization reaction solution

to carry out hydrogenation.

14-. The process of claim 12, whergin the metallocene
catalyst i1s a combination of ametallocene catalyst component,
an ionic boron compound and an alkyl aluminum compound oxr

a combination of ametallocene catalyst component and an alkyl

aluminoxane.
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of the product of the number of moles of the transition metal
catalyst component and the oxidation number of the transition
metal, the product of the ﬁumber of moles of the organic
aluminum compound and the oxidation number of aluminum (3)
and the product of the number of moles of an alkyl lithium
and the oxidation number of lithium (1), which is obtained
for the transition metal catalyst component, organic

aluminum compound and alkyl lithium contained in a reaction

system.

17. The process of claim 15, wherein a compound
selected from the group consisting of water and an alcohol
is added in addition to the compound represented by the above

formula (II).

18. The process of claim 17, whereln water is added
in an amount of 0 to 9.9 moles based on the same standard

as that in claim 6.

19. The process of claim 17, wherein an alcohol is
added in an amount of 0 to 5 moles based on the same standard

as that in claim 16 ,

20. The process of claim 13, wherein the Ziegler catalyst
is a combination of an alkyl aluminum and a Ziegler catalyst
component selected from the group consisting of tris

(acetylacetonate)cobalt .and bis(acetylacetonate)nickel.
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polymerization reaction solution to carry out hydrogenation.

23. The process of claim 21, wherein the metathesis
catalyst contains a metathesis catalyst component and an

alkyl aluminum.

24. The process of claim 22 , wherein the metallocene
catalyst contains a metallocene catalyst component and

organolithium.

25 . The process of claim 24, wherein a compound
represented by the above formula (II) is added in a total
amount of 0.2 to 10 moles based on one equivalent of the total
of the product of the number of moles of the transition metal
catalyst com;‘)onent and the oxidation number of the transition
metal, the product of the number of moles of the organic
aluminum compound and the oxidation number of aluminum (3)
and the product of the number of moles of an alkyl lithium
and the oxidation number of lithium (1), which is obtained
for the transition metal catalyst component, organic
aluminum compound and alkyl lithium contained in a reaction

system,
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formula (II).

27. The process of claim 26, wherein water is added
in an amount of 0 to 9.9 moles based on the same standard

as that in claim 25.

78 . The process of claim 26, wherein an alcohol 1is
added in an amount of 0 to 5§ moles based on the same standard

as that in claim 25.

29 . The process of claim 22, wherein the Ziegler catalyst
1s a combination of an alkyl aluminum and a Ziegler catalyst
component selected fro;n the group consisting of
tris(acetylacetonate)cobalt and bis(acetylacetonate)
nickel.

30. The process of claim 1, wherein after the precipitate
is filtered, the obtained reaction solution is either (1)
brought into contact with an adsorbent or (2) washed with

an aqgueous solution, and then the reaction solvent is

removed.

31. Theprocessof claiml, wherein the cyclicolefinpolymer
contains a transition metal, aluminum and lithium in an total

amount of 4 ppm or less.

32. The process of claim 1, wherein the transition metal
catalyst component is a metallocene catalyst component and
an alkylaluminoxane as the organic aluminum compound catalyst
component is in an amount of 30 to 20,000 mole per mole of

the metallocene catalyst component.
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33. The process of claim 1, wherein the transition metal
catalyst component is a metathesis catalyst component and
the organic aluminum compound catalyst component is in an
amount of 1 to 100 mole per mole of the metathesis catalyst

component.

34. The process of claim 1, wherein the transition metal
catalyst component is vanadium catalyst component and the

organic aluminum compound catalyst component is in an amount
of 2 to 500 mole per mole of the vanadium catalyst component.



